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Propagation of Fruit Trees* 
By H. A. CARDIN ELL a nd F. N . HEWETSO N 

JIl the ea rly days it , \"as quite com\llon fo r o rchard to consist entirely 
of seedlings. so that such all orchard wou ld haye a many yar icties a s there 
,,"e re trees. J-\ m()ng these tr es were many that produced low yield. of 
poo r CJuality fruit and whi ch were a liability rather than an asset to the 
gr< )\\·e r. Toc1ay. through :elect ion. breed ing. and the u. e of .- uitable meth od 
oi propagation. a fruit grO\\"cr can chu()se vari eties ot known performance 
,,"hich ,\"ill enabl e hi1ll to produce h igh qual ity fr uit that ,,"ill fi nd a ready 

market. 
Even though th e fr ui t g rm\"e r buys h is t rees ready- made frU Ill a nul' ery, 

lei . likely sooner or later to enco unter contingencies v,hi ch make a kn owl­
edge of p lant propagation desirable or eyen e sential. A fe ,\" of the more 
important po sibiliti es "which may ari se during the li fe of th e orchard should 
the refore be mentioned. Because eedling fr ui t trees produce fr uit of a vari­
able nature, it is necessary to bud or graft them to varieties of known per­
:formance in order that th e resultant tree ,,"ill bear the de ired variety of 
:fruit. This pha e of propagation i u ua ll y performed in a commercial 
nu rsery, and ,vh ilc nurserymen occasionally make mistakes during shipping 
and di stributing to the trade, more often jobber an d dealer 10 e labels from 
bund led trees . Some of th ese trees may prove, on comin g into bearing, to 
consist of varieti es other than the labels indicated . O n th e other hand, how­
ever, g rower ' 01lletillles make mi stakes and order varietie which later 
prove undesi rable. In both these case it is nece sary to rectify the mistake 
by chano'ing th e variety to the oll e de ired by mean ' of 'ome fo rm of top 
vorkin g . A change of var iety may a lso be advi sable when market conditions 

change, leav ing th e g rower "vith an orchard of trees bearing fruit which 
cann ot be so ld advantageously, a has happened in part of l\1"ichigan on a 
large cale with the Duchess apple. In till other cases, market demands 
may render desirable th e gro \\"ing of certain var ietie ' such as Grimes, King, 
or S tee le Heel ( Red Canada ) wh ich do best when grmvll on a hardier or 
more v igorous trunk. T hi s in volves a method of tree building known as 
doubl e working and ,,"hich may necessitate graft ing the young tree in the 
orchard. Again , it may be necessary to introduce one or more pollinizer 
varieti es into solid blocks of steri le varieties () as to assure sati sfactory yield s. 

*The first two edt'lions of this ll1l 11etin wel'e puNished WIder the title "Grafting in 
the A pple Orchard," by II. A. Cardillell and F. C. B radford. Most of the observations 
cited ill thc prescnt edition were made by F. C. Hradford and have been re tained. 
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F inall y. though th e variety remains unchanged, repaIr work essential to 
keeping th e tree in good condition lllay involve bridge or even approach 
g rafting. 

DEFINITION OF TERMS 

STOCI\- sign ifi es th e root, tree. or portion of a tree into which the gra ft 
1S set. O rdin a ril y it furnish es th e root systeni of the completed tree, and it 
may furni sh a portion of th e top . In 1110st case, th e stock is grown from 
seed. but uncler cer tain conditi ons it may be propagated vegetatively from 
stool beds. layers or cuttings, 

CIO N denotes the bud or piece of twig grafted into th e stock. From it 
g rows a bran ch or a wh ole tree top which bears fruit acco rc1ing to its kind . 

f NTEHSTOC1": or I N T ENAf E{) f A TE denotes th e piece of trun k or 
the entire framework which is int roduced in to th e tree between the stock 
and cion. J t is chosen for its vegetati ve characteri stics of vigor, hardiness, 
framework forllling ability. and / or its disease resi stance, and not for its 
fruiting characteri sti cs. 

C AMHIU 1t1 L AYER refe rs to a certa in layer of living cells surrounding 
a ll woody po rti ons of the tree. During the growing season these cells arc 
constantly dividing. forllling new cells; those produced on the inside form 
wood and th ose on the outside form th e inner bark. Consequently the cam­
biulll laye r is th e source of all g rowth in th e thickness of the woody stel1l 
ancl of most callus formation , particularly in older wood. It is the most 
distinctly live ti ssue in th e stem, and it preservation is essentia l to further 
growth. Investigat ions in Massachusett have shown this layer in young 
apple wood to be fro m six to ten cells only in thickness. Therefore the exact 
limits of thi s zone of growth can hardly be di cerned with the un a ided eye. 
Its location , however, can be recognized from the statement that peeli ng the 
bark frOIll the tree while the bark is loose ("slipping") divides the cambiulll 
laye r. part adhering to the bark and part to the wood. The paste-like suh­
stance that can be craped at this time from the wood surface exposed by 
lifting th e bark is composed in part of cambium-like cells. 

GR A PTA G IJ. may be clefined as the operation of in sertin g a part of 
one plant (the cion ) in to or upon another (the stock) so that they will 
fo rl11 a uni on and g row together. Graftage includes g rafting and buclcling. 
I n grafting, using that term in th e more res tricted sense, the cion consists 
of a piece of stem bearing one or more bud . B uclcling, on the other hand. 
refers to the use of a single bud with o r without a piece of wood attached. 

B U DSTfC [{ s ignifies current season ' g rowth from which single buds 
a re to be removed for budding. F rom it may g row a branch or a whole tree 
top. 

PROP.. 
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TO P /1/ ' 0 N l\ 1 N C refers to the practice of changing the top of a tree 
from une cion vari ety to another by some form of g raftage. 

nOl '8LE H'ONVTNC refers to the practice of introducing an interstock 
into the tree by success i ve budding or graft ing ope rat ions and hence is a 
dehnite tree buil ding practice. 

} )O C BLE-/I/ ' 0 TO'; E J) TN EES consist of stock. in te rstock and cion, each 
of \,,,, hi ch is chosen for special characte ri stics which enable it to make some 
cl ehnite contributi ons to the ultimate behavior of the completed tree. 

PROPAGATION IN THE ORCHARD 

TO GRAFT OR NOT TO GRAFT 

Before undertaking any major tree grafting operation the owner should 
carefully consider whether it is more economical to replace th e tree or per­
form the graft ing operation . After surveying the cases of top-worked or­
charcls in which the work was done after the trees were well into bearing, 
inves tigators found as many failures or near failures as there were complete 
successes . The same may be said of trees completely or extensively g irdlecl 
wherein numerous long cions must be employed to repair the loss of trunk 
bark or \\T here wound callus indicates that the injury occurred the previous 

year . 
In general, the younger the tree the better will be the chance for success­

fu l recovery without seriously shortening the life of the tree (Fig. 1) . H ow­
ever , in the case of very young trees, the replacement cost must be carefully 
weighed against the cost of bridge grafting the g irdled tree. 

The owner, therefore, is urged to consider the age and hardiness of the 
trees to be grafted as well as their vigor, and then decide whether the lost 
years of production or even of reduced production may be recovered within 
a reasonable length of time, usually 5 to 10 years in the case of maj or 
operations. Obviously, trees completely top-worked never catch up with 
the total lapsed production that a bearing tree would have given if its limbs 
had not been cut back fo r grafting . It resolves itself into the gamble, whether 
the new variety top can produce more net profit or sati sfaction to its future 
owner than could the old variety; and in the case of girdled trees, whether 
the injured tree is 'vvorth the cost which repair work will involve. 

COLLECTION, SELECTION, AND STORAGE OF CION WOOD 

During the dormant season and preferably before pruning starts it is 
advisable for the g rower to make a th orough survey of hi s orchard as re­
gards the amount of g rafting that he expects to do in the foll owing spring. 
From this survey he can es timate the vari eti es, lengths and amounts of cion 
wood necessary for top working and repair grafting and can collect and 



, 

8 

store the necessary llJaterial as soon as possible. Every spring there are 
frantic calls from growers fo r cions to repair trees injured by rabbits, mice, 
winter killing, fire blight and tools the previous season. These injuri es are 
often not di scovered until it is too late to collect suitable cion ~\Vood. The 
wise gro\\'er, therefore, w ill cut and store every winter, in addition to his 

Fig. 1. One of thousands of fruit trees severely da111aged by the o1£t­
breal? of field mice in the winter of 1935-36. A knowledge of how to save 
such trees is one object of this publication. 
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~alcll iat ed needs .. ctlJ adUluate amount of long cion \Vood for emergency 
repair g rafting. A.little such forethough wi ll sa \'e many trees. 

Ciun wood ;;i1ould be selected 
froJll tIlt' Illost lTlT llt growth. For 
example, ci(J1ls sd in th e sprin g 
of 19-1-3 should he cut from v'lO()e! 

Tu\\' n in 104-2. Thi s call be distin­
gui shed readil y frl!lll oleler\\'oocl by 
tarting at th e tip and proceed ing 

hackward to the 11rst ring of scars 
encircling the twig ( Fig. 2 ) . This 
ring marks th e pos ition of the bud 
scales where grO\\'th for th e year 
began. Behind it th e ha r/( differs 
markeelly , and ill vigo rolls trees the 
olcler \vooel has spurs in stead of th e 
simpl e buds that characteri ze the 
young wood. F or the in crease of 
cion 'wood of a new or [are variety, 
somewhat older wood may be used . 
C ions cut from three-year wood 
have grown in the College orchard, 
but th e percentage of "take" is low. 
and older wood should not be used 
for commercial top working. An 
exception to this rule. applicable 
under special conditions in bridge 
grafting. is noted later. 

Twigs which have made a growth 
of from one to two feet in the last 
season ordinarily furnish th e bes t 
cion wood . Cions the thickness of a 
com111on lead pencil are preferable. 
Very careful in vesti,gation in Illinois 
has shown that the position of the 
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Fi9, 2. Cion wood. At the right the tip 

is undesirable because of immaturity ; the 
center twig is good except for being very 
close to the base. At the le ft is a twig of 
a type which often deceives the unobserv­
ing. T he growth of the past season is con­
fined to a very s1nall portion nfiar the tip,' 
the rest is too old to ma!le good c'ion wood. 
Note the way the buds stand out on tlt'is 
twig ; these buds are not laterals, like those 
on the other twigs, but are on very small 
spurs. 

twig on the tree is of no importance. Water sprouts make good cion wood­
provided they do not originate below the graft. Furthermore, because they 
remain dormant longer, when cions are cut late, the water sprouts make the 
best cion wood . The only objection to them li es in the fact that they are 
likely to be immature and if the cions are cut in the spring thi s wood may 
have been damaged somewhat by cold weather. Very vigorous growths on 
the ends of branches are open to the same objection. Twigs showing dis­
coloration in the pith or wood should be: discarded or cut back to sound 
v\'ooel . 
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Imlllature ti ps should be di scarded, not only because of their tendency 
to winter injury , but because they are likely to have poorly developed buds, 
and to lack stored food material s for forming callus ti ssue and starting 
growth. The bases of very vigorous twigs al so may be poorly suited to use 
as cions. O ther things being equal. if a long t,vig be divided in imaginati on 
into four sections of equal length. the hest cion wood will be found in the 
t wo inner quarters. T,vigs showing many c: phid eggs should be cleaned 
or discarded, preferably the latter. 

Cions may he cut at any time while they are dormant. If taken in th e 
fall th ey will he safe from winter injury. 

T he p roper care and storage of cions after they have heen collected is 
extremely important. In order to keep them alive hut dormant. they must 
be stored in a cool place and suitably packed so as not to dry out. A simple 
,yay to store cion wood is to wrap the cions in cloth or heavy paper and 
then bury them hori zonta lly in a well-drained spot, preferably on the north 
<de of a building. A depth of two feet will generally be suffici ent to protect 
them from freez ing ane! drying out. \ Vith the increase in farm cold stor-
2ge . lllallY growe rs may wish to store their cion \,vooel in these buildings . 
]-10\-\'ever. certain precautions are necessary. The cions should be wrapnec1 
:n moist hut not too \,vet burlap or sacking and this again \"' rapped in dry, 
heavy paper. I'he burlap should be examined periodically and dampened 
when necessary. If the burlap is too wet it may cause the growth of mold, 
and if allmved to become too dry the cions will dry out. In either event 
cions may fail to grow. 

Cions must be dormant when they are set. D ormant cions will grow if 
set into stocks which have advanced to the blossoming stage, or sometimes 
even farth er , but the percentage of "take" decreases very rapidly with the 
advancement of the buds on the cion. Since, for reasons to be explained 
later , the failure of any considerable portion of cions to " take" may seri ously 
impair the ultimate success of those which do, grafting with cions whose 
buds are opening should not be attempted, unless under exceptional con­
ditions. Such a condition might be that of desiring a temporary means of 
preserving and increasing a supply of rare cion wood which would be lost 
otherwi se. Such a course is justifiabl e and may even be measurably success­
ful , particularly if the grafts are shaded for a time with paper sacks or coated 
with paraffin, but if dormant cions are lacking, commercial top working 
should be postponed. Sometimes, after all wood suitabl e for cions in the 
orchard has started g rowth, it is still possible to obtain a limited supply frOITl 
trees in a nursery storage shed or even from young trees in the orchard 
since the start of their growth is often many days later than older trees . 

SEASON FOR GRAFTING 

Grafting for top working in the apple orchard can be done to best ad­
vantage at about the time when the buds on the trees are beginning to swell. 

The cleft- and the tongue- ( ,\' 
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(ions on trees "vhich have ad 
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The c1eft- and the tongue- ( whip-) grafts, used in top workin g, may be made 
while stock and cion are still dormant or they may be made with dormant 
cions on trees which have advanced to blossoming, though thi s last time is 
rather late for best results. The peri od just before the bark begins to slip 
offers some advantage in cleft g rafting because at thi s time the bark and 
the wood split at the same point, whil e "vhen the bark begin s to slip it some­
times splits a little to one side of the cl eft in the 'vvood, and the proper 
placing of the cion becomes difficult. 

Work don e in O hio shows that over a pe ri od extending from November 
until July the highest percentage of uccessful g rafts was obtained in May, 
although g rafts made in April , June, and July were nearly as successful. 
Cions for the later g raftin gs were kept dormant by cold storage until ready 
fo r use . 

Bark g raftin g, sometimes used in top working trees, is clone after th e 
ba rk has begun to lip. 

Bridge graft ing may be done much more easily and with a higher pro­
porti on of "takes" after the bark has begun to slip. A ny of the method s 
used in adjusting the cion to the tree fo r bridge g rafting involves the rai sing 
of more or less of the bark. and to do thi s before the bark slips is extremely 
diffic ult. 

GRAITING SUPPLIES AND EQUIPMENT 

The tools and equipment needed in g rafting and buddi ng can usually 
be purchased from a ha rdware store, seed store or nursery supply company. 
T hese include g rafting tools, mal1ets, knives, sharpening stone, pruning saw 
and shears, a suitable hammer, a supply of No. 18 nail s and some type 
of grafting wax or compound. A lso suitabl e containers for soft or hard 
wax, unl ess asphalt water emul sion I S used. 1£ hard wax is used, some type 
of heater will be req uired. 

The grafting tool, or clefter as it IS sometimes called, if not obtainable 
through the cited channels, can eas ily be made by a blacksmith or in the 
fa rm workshop according to illust rations in thi s bulletin. 

The purpose of the concave outline of the cutting edge is to insure cut­
ting of the bark, particularly in the upper part , before the wood is split, thus 
in some measure avoiding tearing of the bark. Besides thi s, it will aid in 
obtaining a uniform cut in wood of twi sted g rain. If one of these tools is 
to be made primarily fo r a single job, where there is considerable uniformity 
in the size of the stubs to be grafted~ the radius of curvature, ("degree of 
convexity") of the cutting edge can be made to fit the size of the stubs. 
T he smaller the stubs, the small er should be this radius ( the g reater the 
"degree of convexity"), as shown in F ig. 4. The types c01l1m()nly sold have 
a uniform curvature in the cutting edge and for thi s reason cannot be equally 
suited to stubs of all sizes. If th e tool fits the large stub, it splits the smaller 
with very littl e cutting; if it fits the small stub, it crushes the edges of the 
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e 'ig . 3. / 1 9 rajtil1q tool for stoc !?S of various si:::es. T he wedqe should set out V!)l' ll 
tra in lhe cntting portio/I. LV ate the va ryiltg C1 wvature of the cltttiltg edge. Lower the 
ha1ldle for sillall slack; raise hal/die for large st acie . 

larger befo re spl itting hegin s. N () eclge ha. · been devised \vithin the bound s 
of practicabil ity to ht a ll stuh;; equall y well , but an app roach to an edge of 
th is kind can he llla c1 e with a cu rve of more or less steadil y increasing 
radius (Fig. 3). If one uscs such a tool as shovvn in th is drawing. holdin g 
the handle upward acl j ust th e edge to the larger tub ; holding the handle 
down adjusts it to th e smaller. and the intermediate s izes can be reached 
fa irly we]] by holding th e handl e level. 

A hammer may he substituted for the mallet. Knives should be of good 
teel and he kept sharp, because a dull knife can spo il many a g raft. A 

speed saw is useful wh en workin g on th e larger trees. Recent work at 
M ich igan State Coll ege has proved the value of an asphalt grafting COlll ­

pound as a possible substitute for the hard or brush wax previously recom­
mended . Rubber budding strip 3/ 16 x 4 inches are useful for bucicling 
but are not 11 0VV available, so string and raffia must be used instead. A 
imple home- made wax heater i illustrated in F ig. 5. S uch heaters may 

a lso be purchased from dealer. A modified carpenter 's apron to hold 
equipment and cions may be a useful acce sory. 

The bes t brush for applying 
g raft coat ings is about an inch 
wide. The brush should not be 
a llowed to rest deep in hot wax 
for any length of time; else, the 
heat will melt the glue in which 
the bristl es are set and they will 
pull out. This can be prevented 
by driving a small nail in the 
handle of the brush and bending 
it over as a hook for hang ing 

Fig. 4. Illustrating the reason for t~e varying 
curva ture of the cutting edge shown tn Ftg: 3. the brush to the ri m of the pot, 
U.niforrn curvature dON. not fit stoc/?S of varwus taking due care that it is al-

SLzes. lowed to hang with the bristles 

just above the wax. Th is will bring the nail high enough on the handle 
so as not to interffTe with manipulation of the brush. The use of cold asphalt 
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gTaftillg compound of tJle water emul sion type avoids th e need for any 

heating equipmen t. 
The kinds of waxes that have been used in grafting at some time or 

otb er are very numerous and diverse, ranging from a mixture of chopped 
straw and blue clay to rather compli cated kinds for special pl1rposes. Occa­

sionally, good results have been reported from paraffin, from orc1inary fly 
paper-though these have sometimes p roved injurious-and even from 
adhesive tape. Th e fact that such diverse materials are occasionally suc­

cess fu l indicates that they 
meet certain fundamental 
req uirements in some de­

gree; the fact that they are 
not uniformly successful in­
dicates deflci enci es that are 
of no importance at some 
times but fatal at others . 

The ideal grafting wax 
would have at least these 
qual ification s : ( ] ) it would 
exclude air and fungi an d 
retain the moi sture of the 
wooel; (2) it v\:oulcl con­
tain no material that wi ll 
lllJure live tissue in the 
strength at \,·hich it is used: 
(3) it \vould not crack ill 
cold weather ; (4) it \vould 
not run in hot weather; (5) 
it would be semi-permanent Fiq. 5. H catcr for hard or br1lsh wax. 

ill possession of its variou s 
virtues; (6 ) it would have more or Jess elasticity , to accommoclate itself to 
changes in dimen sion of stock and cion consequent upon growth; ( 7 ) it would 
have sufficient body to fi ll cracks; and (8) it would al so be relatively cheap 

and easy to handle. 
No wax yet devised meets all these requirements perfectly, but several 

meet them well enough fo r practical purposes under the conditions to which 

th ey are ordinarily exposed . 
1V1ost of the olcler waxes require lleating before they can be used ; some 

become pliable at the temperature of the hands and are called hand waxes. 
O thers, \,"ith a higher melting point, are heated and applied with a brush 
whi le warm; these are call eel brush or bard waxes . In the liquid "waxes 
some solvent, usually alcohol. is used; the wax is appli ed cold, anc1 the 
evaporation of the alcohol leaves a solid residue. 
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Hand waxes a re expensive to make and unpleasant to use , especia lly ill 
cold weath er, a nd a re also very wastefu l of mate r ia l. Fo r th ose reasons 

their use is not r ecommended. \ Vhe re a brush wax is desired , th e fo llowin g 

formul a m a kes a su itahl e com pound: 5 pounds resin, 1 pound bees wax, 

/i pound la m p bl ack o r powde red ( not g roun d ) cha rcoa l. a nd :4 p int raw 

lin seed o il. T hi s is in a sen .-ie a basic fo rmu la, a nd may at t imes be varied 

some \\·hat to su it spec ia l conditions. Fo r exam ple , fo r g raft in g very la te in 

t he spri ng , \vith \va rlll vvea th e r, th e p ropo r tion of res in may be in creasecl , 

\",hil e fo r gr aft ing very ea rl y in the season with cold 'vv ea th er st ill to be 

expected . the propo r t ion of lin seed u il Illay he inc reased . To make th is wax. 

th e res in is melted, beeswax add ed a nd m elted , linseed o il adclecL th e mi x­

tu re r em oved from th e f-i re a n d th e lamphlack stirred in a li tt le at a t imc , 

to avoid b() ili ng ove r. T hi s mi x tu re, w ith the li nseed o il added , a ppea rs to 

be evenlll o re inflalllm a ble th a n th e ha nel \vax mi x t u res and shou ld bc treated 
acco rd i ng 1y . 

As SOOll a s th e cooking is completed th e \vax Illay be cooled somc \\'hat 

and used at Ull ce. Fo r uperat ions of a ny extent, hmvever , it is bes t to pre­

pa re the supply ill ad vance. Th e hot wax may he poured into sha llo w pa ns, 

to t he depth o f a huut a n in ch a nd a ll o wec1 to cool. T horough cooli ng wi ll 

tal.;:e sO lll e t im e ; when it has occu rreel a sha r p blow on the bottolll of t he 

pan \y ill loosen the wax which can th en be broken into small lUlll ps. These 

small lumps a re convenient 'vvhen a sma ll heat ing pot is usee\. 

U ccasiona lly , when the wax is applied ve ry hot, the re is som e inj u ry to 

l ive ba rk, pa rt icularly on the cion s, wh e re the ba r k is thin and tende r . This 

t ruuble is ra re ly encou nte red in p ractice, where the o r c1i na ry ty pes of heat­

er s a re usee! ; it is 1llo re li kely to occu r when the wax is heated over rather 

la rge [-ir es and appli ed immecli ately upon relllOval. If the \Vax made hy t he 

fo regoing fo rmu la docs not set at once hu t is incl ined to run w hen app li ed, 
it is p roba hl y too hot fo r ::;a fc use . 

T hi s brush \\'ax re ta ins i ts va rious good Clua li t ie longer than any of 

th e ha nd \va x es . It is applied more eas ily and m ore rap iel ly , leaves fewer 

a ir ho les and thoug h it is ha rde r it seem s less likely to c rack . Tn additi on, 

rathe r less of it is requi red fo r a gi ven a mount of wo rk and it is, pound for 

pound. cheape r . B eeswa x is t he expensive ing red ient in any wax, cost ing 
ord in a r ily fro ll1 s ix to ten t imes as m uch per pound as the res in . T his brush 

wax requires a pound m ore o f res in and a pound less o f bees wax fo r the 

s ix pou ncls of res in a nd bees \\'ax cOln bined that constitu te the bases of t he 
r especti vc waxes. 

T he lam pblack se r ves a two-fold purpose. W ithout it th e wax is very 

s ticky , st r ing ing out in long threads w ith every s troke of the brush . Its 

b lack colo r he lps in heat abso rpt ion , making the wax p liable though it does 

no t r un. T hi s p li a bility is ad van tageous in that the expansion of t he g rovv­

mg Clons is less like ly to fo rce the wax loose in large m asses; in some cases 
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min ute cracks in the \,"ax have been k11 O\\"n to di sappear after a bright warm 

day, the wax becoming soft enough to unite again " 

Various attempts have been made to de \"ise a cheap 'uhst itute fo r bees­
wax, Paraffin is sometimes recolll11lcnclecl. T hough success undoubtedly 

attends its use alone unde r favo rable conclitions, it cann ot he recommended 
for gene ral use because of its tend ency to crack, D urin g one season in the 

College O rcha rcl , it has given fa ir ly satisfacto ry res ul ts as a substitute for 

bees\\"ax in the brush \\"ax " The \\"ax conta ining paraffin \\"as full of bubbles 

,m d seemed rathe r th in, yet the grm\"th of th e g rafts to wh ich it "vas appli ed 

was entire ly sat is facto ry , It must. llO\\"e\"er, be obse rved uncler mo re \"ari cd 
cond itions before it can be definitely recommended or condemned" 

E xtensive tr ials by the "en ior author of a n umber of coatings other than 
the tandarcl brush \\"ax ha ve furni shed in fo rmation concern ing many proprie­

tary g rafting c011lpounds, O ut of these trials has emerged an aspha lt g rafting 
compound \\"h ich has g iven consistently good resul ts and is now recom­
lllencl ed by the Coll ege, Th is wax substitute is an asphalt water emu ls ion . 
It is 'uld in cOl1tainc:rs of \"ariuus sizes and has only to be d ilu ted with cold 
water or alcuhol to the consistency of a thi ck pai nt fo r immediate use. It 
is I)es t app li ed cold w ith a brush in the usual \,vay. \ t\Tben left uncovered 
fo r many hours, cold "water should be poured on top of the a phalt em ulsion 
an d poured off \\"hen wo rk is res umed. Stock carried ove r wi n ter should 
haH: water "tancl ing to a clepth of several inches if: not t igh tly sealed and 
to a depth of: one inch if sealecl and stored in a \,varm place. It stored "V here 
water would freeze, enough "radiator-type" alcohol should be stirred into 
the a phalt emulsion to prevent the emulsion from breaking down and a 
little alcohol poured on top of the ma.'s of asphalt before t ightly sealing. 
Th is p recaut ion w ill assure a product ready for use when needed. If it is 
necessary to apply thi s materia l in ve ry cold weather , enough of the paste­
like compo und for a ha lf-cl ay's work should be taken out of: th e original 
conta in er and diluted v,;ith radi ator-type a lcohol. Thi s should be done in a 
warm place so as to safeguard again st breaking down th e ori ginal emulsion , 
whi ch may be inju red at temperatu res below 40° F ., until alcohol is thor­
ough ly incorporated with it. 

Trees gird led by rodents or by any other means usuall y "bleed" sap 
in the spring and very few safe materia ls will adhere to such a slippery, 
moist urface. Asphalt water emul sions adhere well to such su rfaces and 
should be applied as soon as the in jury is d iscovered in ord er to reduce 
water loss and check ing of the \vood as it dri es" T hese recommend ed asphalt 
wate r emul sion s, therefore, Jllay be used as a \,vounc1 dressing as well as a 
g rafting compound (see F ig. 6). 

Of the various aspha lt water emul sions testecl , "Flintkote S ta ti c" and 
"Foster 's T. B.1Vr." (an asphalt c1 ispersic)]1) gave equall y good results" Un­
fo rtunate ly, sOl1le of these safe asphalt emul sions a re marketed uncler some 
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Fi,r; , 6, Th e pholoqraph all, the left sh ows how poo r(v a li eated brllsh 'Wax adheres 
to the m oist surface of a rode ll t injured fr llllk as co lllpared w ith asphalt wa fer e lll1llsion 
sh own on the riq ltt. 

othe r trad e namc , It is thcreforc advisable to asccl'Lain the o n glll of th c 

material being soleI. c ith er byfincli ng out fr01ll thc dealer or by writin g' 

to this Station. Therc a re man y grafting c01llpounds 011 the markct \\'hi ch 

havc provcd vcry injurious to trecs and " 'h ich have cith cr ki ll ed o r e!v\'a rfcd 
ci()n g rowth " ,hen usecl to coycr cion s and grafting wound s. The g ro \\"c r 

is advised to a \'oicl usin g grafting c01llpounc1s no r ccomm end ed by t he 

Experi ment Stat ion a ncl to usc only those 1llatcrials wh icl ha\'c hecn th or ­
oug h ly tested, 

T OP WORKING 

GJ!.NER/ IL C() NSI{) f~ N"JTJ()NS: 
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ll1u st be properly selected; third, th e tree Illust not be exposed to Sl1nscalcl 

du ring th e process : fourth. the ne w variety lllust be cO l11 patibl e ,,\,ith the 

va ri ety on \\,h icll it is \\'orkeel. 

Soundn ess of union depends la rgel y on soundness of stock:, care in til e 

actual ma kin g of th e graft and suhsequent treatment of th e resultin g' c ion 

growth. as di scussed later uncl er the "Cleft-graft", 

In selecting th e limb to be g rafted . due cons iderat ion Illust be given to 

the diameter, position and llumber of lim bs to he grafted. \tVhen the cleft­

g ra ft is usee!, th e upri ght limh having a di ameter of 1 to 2 in ches 'will g ive 

th e best resul ts . 

Cions should never he set wh ere th ey will he h ea vily shaded hecause 
their g rowth will he meager . As a matter of economy, th ey shoul d be set 
only in places wh ere th ey ,\,ill have a chan ce to develop in to lim bs of COll­

siderabl e size. Small hori zontal li mbs close to th e g round , where th ey a r t' 
overshadO\\'ed hy othe r better li mhs. are often very tempting. hecause of 
th e ease with whi ch th ey can he g ra fted, but th ey should be avo ided. Branches 
any wh e re which, because of th eir pos ition. can never beco l11 e la rge. are not 
likely to be \vorth th e t roubl e of workin g over. U nless it be for ea rl y fruit ­
ing of some new variety o r to prov ide for cross-poll inat ion at th e earli est 
season poss ihl e. grafts shou ld not he se t near the tips of bran ches whi ch 
have already extended as far as th ey a re li kely to grow. (See F ig, 7. and 
C(l111pare 'vvith pi cture on tb e cover.) 

Th e limbs selected for g rafting must also he well spaced around the tr~e 
to fu rni sh a well balanced fra mework for th e rebui lt tree. An illustrati on 
of well selected branches is sho'\'\'n on the cover. The number of li mbs 
selectee! for graftillg shoule! be as fe \\' as is cons istent w ith good results , 
part ly to save time, but alsu because it is des irable to reduce th e number 
of new scaffold lim bs and permit the new vari ety to make its own framework. 

T op working of large trees . th ough possible, is likely to be unprofitable. 
T he ma in lim bs are so la rge in th eir lower portions that g rafts cann ot he 
se t here with mLlch likelihood of good uni ons resultin g. The only wood 
of proper size for graft ing ill th ese trees is very hi gh and so far out on the 
limbs th a t only a small a1llount of fru iting wood can develop from each cion , 
So ma ll y branches lllust be grafted if the top working is done here that the 
ope ration becomes very expensive. F urth ermore. wh en g rafts are set so 
b igh in th e hran ches th ere is constant troubl e from sprouts emerg ing along 
the branch es below the graft: th ese must eithe r he grafted in th eir turn or 
rClllo\' eel. G rafting of small er branch es Im \' on the limbs and th e subsequent 
cutti ng of th e old limhs back to these branches. a treatment sometimes 
attempted. are likely to cause clecay startin g at the point of amputati on and 
the fina l breakclown of th e whole branch \\,i th th e first heavy load of fruit 
on the new growth. In case th e fruit of the old tree is u tte rly worthless 
the re is . of course . littl e but the lahor to lose ill attempting a renovation of 
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Fig. 7. T he experie1l ced fmit grower w ill r~cogni::;e at once that. this 
tree was too large to be top-worlwd by cleft graftzng. ~n 01'der to fi nd hmbs 
of the 2-1'Jl ch diameter si::;e it 'was 1lccessary to set the CI OIi S 8 to 12 feet fro m 
the gTo nl1d. The cco ll o11lic fut1lre of such a tree is seldom a Sllccess . 

this sort. Even th en , however, the re is at lea st an even chance that more 
sati sfactory results \.v ill be obtain ed by removing th e old tree wholly and 
planting a new tree , 

L ow fruiting wood, protection against sun scalc1, and th e setting of the 
minim ulll number of g rafts are m ore or less interdepend ent and should all 
receive consideration when top working is undertaken. Of the three, per­
haps p rotection again st sun scald is the mo t important, as it i concerned 
to a high degree with th e soundn ess of the tree. It is in itself of less con­
sequ ence than the di sorc1 ers wl1ich are likely, or , in a maj ori ty of cases. 
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sure to foll ow it . Among th ese are Hat head bore rs, wh ich make still eaSler 

th e entrance of wood-destroying fungi, producing eventually a hollow heart 

and finally a broken limb. Even with out th e . borers th ese fung i gain en­

trall ce through the sU1scald les ions. An injured a rea of thi s sor t is almos t 

certain to be invaded SOO ll er or la ter by the black-rot fU llgL;s vvhich will in 

time g i rd le the li 1llb. 

S Ul1 scald is li kely to occur when any considerabl e portio1l of a s11loot ll ­

barked bran ch is exposed directly to the SUll , particularly fr0111 noon to 2 

or 3 o'clock. The Illore nearly at right angles the sun's rays strike at this 

time th e g reater the likelihood of damage. The larger limbs with smooth 

bark are, despite their thicker bark, as likely to suffer as the smaller ones, 
because th e greater curvature on the surface of th e smaller lim bs increases 
the reHection of heat and thereby diminishes the abso rpti on. ]\![oderately 
large limbs leaning to the north and northeast are most subj ect to injury. 

If th e vvh ole tree is tOP- \\'o rked at once , Illuch or most of the small wooc: 
wh ich bears th e fo li age is removed and the sun' s rays admitted freely to 
th e bark of th e north'v\'ard-leaning branches . Under th ose conditi ons , sun­
scald is likely to develop. Its onset is sometimes slow under 1![ ichigan con­
ditions. T he fi rst year 's scorching may be confined to the outer barlz, the 
llext year 's extend ing somewhat deeper and so on. There are, h oweve r , 
numerous examples of very bad cases developing in one year. 

As a safegua rd against sunsca1cl. th en , top workin g a tree should he 
sp read over two years. In th e first sp ring, the work should begin on the 
northeas t side and embrace a bout half of the tree. The stubs grafted at this 
time a re shade(1 by the branch es st il1 untouch ed, and th ey are thus protected 
against injury. Dur ing the first ~ Ullllll er , water sprouts generall y grow out 
in considerab le numbers on the grafted limbs. Of these , those that are so 
placed as to shade the limbs should he retained . If th ey are pinched back 
when 6 or 8 inch es long, they will branch and increase the shacle . I n any 
case, they can be t:ept small by cuttin g back in the spring. The remainder 
should be removed during the SUlllmer or in th e fo llowing sp ring; those 
utilizecl for their shade can generally be removed in th e third spring . 

In the spring of the second year, th e top working may be completed . 
T he water sprouts and th e gro wth from the cions should provide, from this 
time on , sufficient shade for the limbs on the north side. Therefore, graft­
ing th e remaining limbs may be done with no danger of sun scald on those 
first grafted. Since these remaining limbs have a more or less southerly 
inclination, they rece ive the rays of the sun during th e warmest weather at 
a very acute angle, so that more heat is reflected and less absorbed. Not 
only is this true, but in add ition , any given area on the limbs leaning south­
ward receives less heat than an equal a rea on a limb leaning toward the 
north. 

A skillful operator can distribute grafts in various parts of the tree, in-
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stead of working from side to side, and by etting the cions]J1 haded places 

he can do thi s without g reat danger fro m unscald. However, if only one 
branch on a limh is g rafted. the g rowth of th e cions and wate r sp routs is 
likely to he much less than it is ,,,\·hen several branches on a limb a re grafted 

at one t ime. W hen. th erefore, the second year 's g rafting removes the shad­
ing limhs. those that were ,>\Iorked over in the prev ious year a re likely to 
suffe r. 

The experi enced tree g rafte r can so spot g rafts in key pos itions as to 
complete in one year all the grafting necessary to remake the tree with out 

unduly exposing it to sun scalcl or excessive g rowth of cions: othe rs should , 
for a time. fo ll ov, the two-year plan. 

A methoc1 of top working has recently been developed at Michi gan State 
Coll ege by B radford and Cardinell , known as th e "Inlay"-bark-graft. This 
method is especially designed fo r re \\" orking trees too large for the convell­
tioned cleft-graft , hut \\'h ich are still in a good healthy vigorous conditi on 
anci give promi se of many more years of useful service. Th is method is 
described in a later section of tbis bull etin. 

As a matter of recorci, it should . perhaps, be stated bere tbat the notion, 
revived ahout once in each decade, of cuttin g off an old tree and setting] 5 
or 20 grafts a round th e stump .is usually fo unded on enthusiastic observa­
ti on of the fi rst year 's g rowth. The debacle generally occurring, at th e latest, 
about the seventh year , fro m the breaking out of th e graft, ra rely receives 
mention . T he expansion of the g rafts extends, naturally, al ong the cambiu111 
of the stumps, and as the curvature of this is slight in large stumps the 
uni on is almost whol ly in one plane so that some additional strain such as 
weight of crop, accu1l1ul ation of ice or a strong wind at right angles to tbi s 
plane is, sooner or later, going to snap th e g raft or pull it out at this point. 
H supporting th e graft by a stake is attempted, there is still no kno \\"n means 
of forc ing th e callus to grow a round and over the stump. 

The matte r of compatibility between tbe old framework and the variety 
g rafted th ereon , as well as the varietal characteri stics of the original tree, 
should he given some considerati on in top ,vorking. In gen eral, most apple 
varieties may be satisfactorily grafted on one another, the main limitation 
heing the matter of relat ive " igor. Thus it may be unwise to g raft over 
weak-growing vari eties such as \ I\lagener, Pe,vaukee and Duchess to strong­
growing va ri eti es such as North ern Spy and Rh ode Island Greenin g . If 
this is done. the coa rse-growing cions develop into lim bs too heavy fo r th e 
crotches of th e weak-grov,ing stocks and breaking may occur, not neces­
sarily at th e g raft union, but more often at the crotches. Such a Ul110n ]S 

shown in F ig. 8. 

P ear vari eties may he g rafted 0 11 one another w ithout fear of any in ­
compatihilities developing. However, because of the susceptibility of this 
fruit to fi re hl ight. considerati on m ust be given to th is matter before under-
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Fig . 8. Grafting a strOl lg g rmx'ill g 'l'a riely all a '('co lt .r; ro L ~' i ll [j <'a riety, ( as 
HiI ode Islalld Grcen in g on Dil chess) lIl ay throw ulldue 'weiy /it Oil s lll all cro tciI es . 
callsill g brea/wqc, 1I 0t at th e 111lio 1lS, bill at th e cro tches . 

21 

taking any extensive operati on . F urther di scussion of thi s probl em as it 
relates to graftin g will be taken up under th e subj ect o f interstocks. 

r each varieties are compatibl e wi th one anothe r, but ce rta in modi fi ca­
ti ons are necessary for top working peach trees. Such trees a re generally 
ouly top-worked when the variety has been proved untrue to name or in 
the unusual case when a pollini ze r variety is needed. In th ese cases top 
working is con fined to young trees whi ch have an abundance of small 
pencil -s ized branches close to the center of the tree and fairl y close to the 
g round. Th ese branches may be top- worked by budding in the late summer 
a nd cut back the foll owing spring. 

T op workin g of cherri es and plums is not recommended, owin g to the 
ull ce rtainty of success with th e:::e fruits. 

Doubl e-worked trees a re produced by first budding th e va ri ety whi ch is 
to fo rm the inte rs tc)ck, onto the stock. The in te rstock i , then allo \\'ed to grow 
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for a year or more, when the variety which is to form the top ( the cion) is 
finally budded onto the main stem or branches of the interstock. 

Certain varieties grow best when double-worked into hardier or stronger 
growing trees. This matter as it relates to hardiness is treated at some length 
in Michigan Special Bulletin ]49, " E ighty ~Vi'l1ters in Michigan Orchards».* 
According to the findings in this publication, Grimes Golden, King, Bald­
win , Hubbardston , Golden Delicious, and probably Rhode Island Greening 
should be grown as double-worked trees . Suitable stocks to form the trunk 
an d in some cases also th e framework of the tree seem, from availabl e 
evidence, to include Tolman Sweet, Snow, Virginia Crab, and Wolf River. 

Grimes is now offered already doubl e-worked by several nurseries. As 
th ese trees are sold. th ey have been grafted in the main trunk about a foot 
above the ground so that th e v,lhole framework is Grimes . Th is arrangement 
will, perh aps, be satisfactory with Grimes, since the injury in this vari ety 
is ch iefly at th e coll ar, but with the others named as tender , injury in the 
crotches is almost as C0111 mon as that in the collar. For this reason it will 
be safer to let the hardy stocks grow fo r a t ime in th e orchard and fo rm 
the main limbs. These may be g rafted in the spring of tbe third or fo urth 
year afte r p lanting, or at th is age buclcling would be p ract icable. D oubl e­
work ing of Steele Eecl (Red Canada) is done, not because of its lack of 
hardiness, but because it is a poor grower; in thi s case, too, the fram ewo rk 
sll oulcl be formed from a sturdier va ri ety . North ern Spy has been favored as 
an interstock because of its vigorous g rowth, but cannot be recommend ed for 
this purpose because it is not perfectly hardy; if it is grafted in th e limbs, 
its acute-angl ed crotcbes offer difficu lties. R ecent work has shown th e de­
sirabil ity of usi ng V irgin ia Crab as an interstock for Steele ned trees. 

TH E CLEFT-CRAFT: 

Th e cleft-graft is made by inserting th e cion into a split in a stub left 
upon sawing off a branch, or, sometime in small t rees, the main trunk. 

Discrimination in selecting the points 'where the limbs are cut will be 
justifl ed by the results . For reasons wh ich 'vvill appear presently, g rafting 
of limbs at points vvhere they exceed 2 inches in diameter should not be 
attempted. and cleft-grafts set in lim bs of diameter less than an inch will 
requi re special attenti on . Selecti on of po ints where the wood is straight­
grained and free from large kn ot or scars fo r 6 in ches below the cut ,,,,iil 
insure a straight and uni for m cleft and thus help mate ri ally in fitting th e 
cion. F urthern:ore. selec tion of these points should he made with th e recon­
structed tree in mind . Of thi s, too . mo re later. 

T be cut shol1 ld be made SCjl:are. T hi s is not of particu la r importance 
so fa r as concern s the "take" of th e cions . but it favor s compl ete healing 
hy reducing th e diameter of th e woun d as compared with a sloping cut, 

*This j>nb1i[(llioll is 0 1tf (Ii In- illt 1mt l1W)1 be o7'a ifaiJlc ill /m1J1ir /i!JrClries al/d i l/ the 
libra r}? oi 1110S/ public [m d jlri7'ole schools, 
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F urth ermore, it permit , more latitude in th e direct ion 111 

vvhich the cleft i ' made. Some operato rs smooth the cut 

w ith a knife; others. us in g a saw with fine teeth and little 

set. make no fu rther attcmpt at smoothing. Smooth ing the 

cut surface makes the locat ing of the cambiu m zone easier 

and helps beginn ers to set cions more exactly. ] n most cases. 

ho\vever, th ere is Iittl c disce rnible difference in the results . 

C ions fo r top \\fork in g are cut to two or three buds. A 
hvo-bud cion is less likely to be fo rced out e ither by bird s 

or winds than the longer cion, owin g to its shorter length. 

T he writers favor a two-bud cion , but of greater impor­

tance than the length of the cion, however. i its cliam­

eter. Pencil size (app roximately 5/ 16 of an inch) should 
be used as much as poss ible. Thinner cions do not have 
enough stored food and often shrivel and die before a 
union has been made. They are trimmed about one-fourth 
inch above the top hud. with the cut sloping somewhat 
down to th e side opposite thi s bud . Tenninal buds may be 
flower buds and should be di scarded. The lower cut shoul d 

Fig. 9. Cio ns 
trimlll ed fo r cfeft­
yra ft . 

be made one and one-half inches or more below the 1m-vest of th e three buds. 
The bevel cuts shOvvn in F ig. 9 should be so made as to insure th e great­

est possible cambial contact. Th is inc 'eases the chance o£ union and also 
il creases the rate of oTowth 0 the 

cioll. It is not necessary. and in fact 

it i ' o ften distinctly undesirable. that 
the cioll be tr immed to a pointed 
\-'I'edge. Fig. 10 sho \\ ''':: tha thi ' so rt 
() wedo'e o ften r educes the a 'ea 0 E 

poss ib e cOlltac and. furtile rmo 'e , 
since tl1e contact surface is reduced 
the cio 1 is helel Ie,:;::; securely and is 
iikely to " rock" a t a slight touch or 
to bi o ,,\' ove . late r when it ba ' g row n 
enOl gh to presen t cOllside rable sur­
face to the vvincl. Extremely 101g 
cub and d 'awing the vv edge out to a 
\'ery thi n point have ll O 'peci a l ad va n­
tage. except thac of a poss ible g reater 
camb ial c o n act. ct ua lly, how­
ev ., 1ll many cases th is possibili y 
fa ils 0 'ealizatiOl , Mill o r i -regular­
It1 es i 1 ciOt or it s tub Illak very 
long C )tl ' acts difficu lt to e a h1isl1 . In 

Fig. 10. Drawing th e !level ant to a 
point ( right- hand jiq ure) , ,islil~ely to diJilin-
1'sh the ex- tent of the CO: l tact Sllrf accs and 
ta prod lf ce a "rockillg" CIOII. 
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Fi.ll · lZ . I I ' /;y sOllie g rafts fuil. Luck of call/ilia l co illact bct,[,CCIl stocle alld cion 
call (O IlIC abo ll t ill 7lIorc ti/(/Il oll e '(:t'( ! y . _-:1 .. s/; o ~l's grafts propcrly lIIade alld propcr1.v 
.5<'1: H, S/; OLl'S fa ililre (I f ((lI llucl throllyll sc tti lliJ Ihe s lIrfaccs flll sh .. C , sIIO"l,l'S fa ililre 
l"r(jIl!; 1i IIl1dlle fhie/mess li f illilcr pari of cioll. 

additi o1l, the thinll css o f th c wcdge cxposcs the p ith 0 11 the bc\"e l surfaces 

and cUs the \\·(Jody cyli nder st H ()u nding it into t\\"() separate pieces \ \·hich 

i · 
i I 
'1'1 
; I 
I 

Fig . 12. Cleft- g raft 
c01n plete except for 
waxing. N ate cor­
rect position of low­
est bud on the cion. 

te r n ( r crush u n de:r the U) i~1 pressi (1ll of the stu m p \\·h en 

th e gr aft ing \\·edge is r c111 :)\('(1. Th is is par.t icu larly 1111 -

p n r tant in sllla ll ciun.'i . \\' lHte\·e r happen s . h~ ) \\ ·e \· e r , the 

\.\"edge l1n:st 1lot be so th ick a s t() prevent the top uf ·Lhe 

st\.\1J from ch ~;p illg it . C Jn~ac t a]1 alclll O' the cut is c1esir-
21J:e , In:t contact at the ~(jJ (J the cut an d of th e stu b is 
c, s ~ l1tia l to a good Ll1ioll. 

The l.'.pper edge of the bevel cut shou lc1 be at , o r slightly 
hJ ow th e level of the ]cmest b'c·,cl. S to red fooel reserve; 
a re 1llore alH.lllclant here a n :l call us formatiull , essent ia l to 
the g rccft l;ni ol1. s~a r ts h ~ re fi rst and is mo re abundant. 

The "outside" of th e cion should be thicker tban the 
"i n sic~e ". This insu res contact between th e stock and th e 
cion at the region of th e cambiu1ll (Fig . ] 1 ). If thi s pre­
cau ti on is not taken , a slight accidental un evenness may 
prevent the closing of the stock suffici ently to bring th e 
oute r edge in contact with the cion. 

Th e lmvest bud should be on th e outside (Fig. ] 2) . 
T hi s in sures placing th e zone of rich est call us formation 
at th e point where cambial contact can be obtained with 
greatest certainty and where the union between stock and 
cion is of g reatest importance to the subsequent healing 
of th e stub. Furthermore, in many cases, from this bud 
devel ops a shoot which can be developed into an impor­
tant part of the new fram ework (Figs . ] 3 and 1-1- ). If 
thi s bud faces in any oth er direction the new shoot must 
grow out across th e stub anelits subsequent expansion 
with increasing age will crowel it against th e stub with 
ultimate danger to the graft. In ad diti on, this young shoot 

Fig. 13. An excellent eXI 
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Fig. 13. A ll excel/ellt example showi-n g an a1lspici01ls start 0/ well-pla ced 
ciolls all a 'we ll-chose ll lim b. No te th e te1l1porary 1'elelltioll 0/ IIlI rse shoo ls 
close to th e cioll s a lld Ih e pe1'/ec l scaling 0/ Ih e 1Iniol1. ( Ph olo.(jraph la/te ll 
ill M ichiga ll alld 1Iscd by pc'r1'l1ission 0/ Ih e U . . . D('P01't1l1 Cllt of Aqric1l1-
tw'c-No . S6676C.) 
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stimulates wood formati on below it. and thi s should he on the outside of 
the cion where it increases th e strength of th e g raft union rather than on 
the inside where it makes on ly callus, which tend s to wedge th e sides of 

the stock farther apart. 
The bevel cut - should be continuous and uniform. O therwi se . cambial 

contact will be much reduced alld th<: cion less securely anchored (Figs. 1 j 
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a nd 16) . T he sures mea ns 
of obtain ing a uni fo rm cut 
is to use a knife with a 
rig id and ye ry sharp thi n 
blade. Expe ri en ced opeT-o 
ato rs gene t-ally g rasp th e 

cion in th e left hanel. hold­
in g it hori zon tal. \\,ith the 

tip uncl eI' the thumb awl 
r es ting on th e f~rst two 
fingers . and with th e low­

es t bud upperm ost. \;\f ith 
th e right hand ho ldin g the 
kni fe a lmost \'e rti ca l h l.l t 
with th e tip pointing a 
littl e to the rig h t, the ope r­
ator Illakes the fi rst cut, 

s tarting bes ide th e lowest 
bud and proceed in g to the 

F ig. 14. A n old gra ft. Th e basal lJUd has m ade a 
stroll y side bra ll ch , w ith a s tro lLg cro tch. Cont rast 
'with Pig . 27. 

end with one shearing cut . Th e cion is th en rotated 

so that the basa l bud moves 90 degrees to th e righL 
and do vvn; th e left hand rema in s in th e same posi­
tion and th e cion is ro ll ed bet\\'een th e thumb an d 

fo re finger. The rig ht hand assull1es a ho ri zontal 
posit ion. with the back of th e hand lip . th e kn ife 
hl ade poin ted to the left and very s lightly do wn , 
and th e thumb below th e cion. Th e second cut is 
made from thi s pos iti on. In each case the cu t is 
mad e by drav\'in g th e knife to\v'a rd the operator. 

The cleft stub is now \\'edged apart far enough 
to admit the cions . Tn defaul t of a better tool a sere \\' 
d ri ver may be used. inse r ti ng th e hlade into th e fis­
sure and th en turn ing it. Tt i:-; nl() 'e conven ien t and 

sat isfacto ry . howeve r. to use a \\-edge attached to th e 
too l used for the sp li tt in g. A smooth wedge \\·i ll 
o l1l etimes g ive trelllble by s lipp ing out. Thi ::-; can he 

prevented by a fe w ridges poin ting back ward on 
the wedge : th ese sho uld be 011 one side only, else 
th e wedge cannot he freed readil y afte r the cioils 

are set . 

F iy, 15. Allother caltse 
of fa il ll re-irremtlar {)('7 1-

el, .r;ellerall:y lhe result of 
poor edr;e on fwi fe or 
failllre to el1lploy a draw 
Cltt. The halld sholtld be 
held riq id and the ann 
1Illlscles used in 'JI LOc1ing 
the f': llife, 
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The CIon should be in serted so that its cambium layer is practically con­

tinuous with tha t of th e stock. In any case, contact at th e top of the stub is 

essential to good uni on , and contact al ong th e rest of the cion favor s better 

g rowth . lV[icroscopic examination of successful grafts has shown that ab­

solute continuity is not essential to a "take ." but contact so far as the un­
ass isted eye can tell is desirabl e. Failure to obtain thi s relative continuity 

in many cases results fro m setting the 

cion w ith its surface flu sh \,,, ith that of 

the stock. di sregarding th e difference ill 

thickn ess of th e bark on th e stock a nd 

that 0 11 th e cion (see F ig. 1] ) . 

Sometimes cions are tilted some\\"ha r. 

supposedly to in sure call1bi a l contact since 

the layers lllUSt cross at S01lle point. Un­

less th e bevels haye been cut perfectl y. 

th is practice is dangerous sin ce the cross­
ing may occur at a po in t wh ere th ere is 
no contact. Furthermore, t ilting th e cioll s 
al most in evitably leads to fai lu re to obtaill 
contact at th e top uf th e stub . Thi s fa ilure 
lllakes th e stub. like any proj ect ing stub 
left in pruning . ve ry slow to heal over. 
As the cioll g rO\vs. its \vooely ti ssues. in ­
stead of fl() \\"ing reaelily over the stub. 
accu1llul a te at its side in a large knurl 
c01llposecl of fi bers changi ng direction 
ve ry rapidl y and in aggrayatecl cases thi s 
has led afte r se \ "(~ ra l years to breakage of 
the cion. 11 0t at th e uni on . but along the 
line of g reatest benel ing of th e ,,"oody 
tissue. T hi s conditi on is . perh aps, v,:orsc 
when th e cion is of a va ri ety making­
g rosser g rmdh than th e stock. but the 
dange r is so g reat that tilting of the cions 
can 1l ot be reco111mended in an} case. 

The cion shou lel be set so that the 

J7iy" 16" The cion feeds thl' stocl? 
The cion on th e right 1nade co ntact 
a ll its right and 11 011 e on its {dr. Note 
the death of tiss1Ie ill the stocl, at this 
poil1t Gild a{onq the Cllt edg e of the 
stllmft· 

tops of th e bevel cuts arc level with the top of the stock in which it is set . 
Deeper setting \\"mdel pre u :1l t tht growth of callu s frUlll the stu b and conse­
Cj uent ly delay .if it d id not ac tually prevent . the healing of the uni on . F u r­
the nllo re, expansiun of the cion \\"ill t<:'nd to spread the halves of the stub 
fa rther apart (Fig " 17 ). Setting the cion sOllle \,,,hat hi gher , so that some of 
the cut su rface pro ject. abuve the stuh, is less injuri ous in its effects pro­
vi el <:'d these ex p(J:-,ec1 surfaces are covered with graftin g wax. If t he stock 
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has been :-;plit too deep the ciun shou ld st ill be placed at the proper level 
an d contact insured by drawing th e split po r tions of th e stock together vvit ll 
a thiel, cord or a st r ip of cloth tied about th e stock close to the top. Even 
if thi s cl oes cause some gi rd li ng, the t ie should not he r ellloved dur ing t he 
first season. The g ird li ng \\· ill not he injurious, and v\-ith the ti e removed 
the g rowth on th e cion would be li kely to spread the stub. 

Two cions slH{ldd be set in each stub, and both should be a llo\vecl to 

Fig. 17. Stocl~ too small for easy 
l Ise of the cle ft -graft. U nion made 
and growth proceeding, but cion set 
too deep to permit read'), lz ealill.rJ of 
stach. 

gruw fo r a ti me. General ly, one of them 
must he removed sooner or later (see un­
der "S ubsequent Care of G rafts") but for 
a time both are needed to insure rapid 
heal in g of the stub. If a stub la rger than 
t \v-() inches in diameter is to be grafted 
(thuugh thi s is not recommended) two 
para ll el clefts may he made, extend ing on 
either side of the center and two cions set 
in each cleft, making fou r for th e stUlll,-). 

A ll cut surfaces should he sealed vvi th 
sOlll e forlll of g rafti ng \\-ax. For this pur ­
pose the asphalt elll uls ion g rafting C0111-
pound d iscussed under "Graft ing Sup ­
pli es" is reco111mended. \ Vaxing is some­
tim es said to be for the pu rpose of keeping 
t he Ill oisture out. Actua lly the purpose is 
to keep moisture in. Some li ttle care is 
necessary to a vo id leav ing mi n ute a i l' hol es 
close to the cion, pa rt icul arly in th e part 
a bove the stub. vVax shou ld extend down 
on two sides of the stuh, clos ing in the 
clefts and for an inch or so heyond any 
v is ible cleft. 

\ Vaxing not only serves to retain mois­
tu re, but it lllay also prevent infect ion by 
wood-destroyi ng fungi. Thi is doubl y 
important in case either stock or cion has 
"black-heart," a form of winter injury, 

w hich ma kes it much more liable to fungow invasion. C ion wood in par­
ticul a r is sometimes slight ly affected, not su fficiently to interfere with vigor­
ous g rowth, but enough to pred ispose it to in fection. Consequ ent ly, as a 
precautionary llleasu re, cut ends should be waxed. 

T he most comlllon causes of failure of cions to grow In the cleft gra ft . 
as in others, are ( 1 ) uneven edges on cion; (2) fail u re to obtain proper 
cambia l con tact; (3) im pe rfect waxing; (4) lack of dormancy in the cions: 
(5) cions too thi n; a nd (6) fire blight bacteri a which 11lay infect the union . 

PROf 

T he ba rk-graft i · describo 
to the cleft-graft i 1 vie\\- of 
cloes not involve splitting the 
rap id healing and so permit 

Fig . 18. T he operatiolls i 
ness the slot is shwn too nea 
it shollld be opposite the limb 
drrcd_ This .r;raft is II Ot reeo l 
blow Ollt too casify. 
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THE H.l R I": - (,' f( /J F T : 

The bark-graft i · de::icr ihecl here bccause it i:-, prefe rred h.v SOll1e ope rators 
to the cleft-graft ill \'ie\\' of the ca::;c () obtaining a "take" and because it 
docs not i11\ 'o l\'c sp li tting the stub , This last feature is said to favor 1110rc 
rapid healing and so perll1it the g ra fting u[ stubs too large for spli tt ing, 

I~ 
I 

I 

I 
j
l.-1iI) ') 

-~1'/:--

( 

}.,· i,l/. 18. T he operatioJl s iJl 'l'o/-7'cd in bad: qrajliJl q, For lit e srtli'.l' of rlcar­
JlCSS the slot is shown too 1I ear the side /il/l /J to qi'z'c j llll bellejil 1o Ilr l' "Ir rel " : 
it slr ollfd be opposite the limb. Ci()Jfs way br set witll a plaill bOlel or slr olll­
drrrd. Th is qraft is 1I 0 t reCO I/III lellded for reg llla r lop 7(1orl,ill ,<7 . sin ce lir e ciolls 
blow Ol/,! lao casify, 
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It is questionabl e w hether any kind of graft will con sistently make a sound 
union on stubs too large for cleft grafting, and it is certain that bark-grafts-­
particularly on la rge stubs-are blown out ve ry ea sily by wind s of no extra­

ordinary v iolence. It cann ot be done advantageously until the bark slips. 
T hi s g raft may prove preferable with some stone fruit s to obtain the great ­

es t percentage of " takes ." but it is not o rdinarily necessary in the apple, 
pear, or quin ce . 

T he bark-g raft may be made in very much the same way as the lower 

end of the inl ay-bridge-graft. except that the bark removal starts at the 
edge of the wound (Fig. 18). Sometimes th e cion is cut to a shoulcle r. o r 

it may be cut w ith a plain bevel. Each cion may be secured with two t hin 

small w ire nail s as in the bridge-graft. As in the othe r grafts, wax hould 
be applied to a ll cut su rfaces . S uch terminal tubs should be recoated an-
11ua ]] y until healed to avoid drying o f vvood and invasion of fun g i. 

A t th e South 11 aven substati on , bark g rafting has been u sed very suc­
cessfully fo r seve ra l years in top v\urk ing pears, but less successfully w ith 
apples and cherri es . Tn thi s wo rk . a procedure differin g frU1l1 that just out­

lined has been usee!. In stead of the slo t shown in th e di agram. a sin g le slit 
is made. T he ba rk a long thi s slit is raised slightl y by th e in se rti on of a thin 

and rat he r narn)\\' smooth hi ckury \\·eelge. T he cion. trimmed \\·ith a rath e r 
long bevel on Oll e side ( th e side to be p ressed again st the stock ) and ,,,itll 

little more than the bark removed on the oth er side . is then in serted in s id e 
th e \yedge and th e \\'edge is \\·ith drav,;n. T he appli cati on of g rafting tape to 

h()ld the cions an d bark in close. fo ll ov\'ed by ""ax in g. compl etes the ope ra­
ti cn. Th e prin cipa l aclvantage gained by thi s method is speed ; the "take" 
is hi gh and on pea rs at South Haven the \vOt11lds heal well. On apples a t 

East Lansing . repea ted trial s of seve ra l meth od s ha \ 'e fai led to obtai n good 

enough contact at the top of the s tub to p roduce goocl healin g of th e \\·Ot1l1 c! s. 

'T op vd) rk in g of large trees lS d iffic ult and i11lpractica1\\'hel1\\,ork is 
confin ed st ri ctl y to cleft g rafting stubs not 1l1o re th an 2 inch es in diameter . 

A method has recen tly been devised . hO\\·ever.\"ihereby n ew branches may 
be set at \yill on any limb up to 6 inches o r even larger in special cases. Thi s 

method is desc ribed at g reater length in M ichigan Q uarte rl y Bulletin Vol. 
21. No. 3, pages ] 8-+- J9 1 ( ] 939), so it \\·ill be described he re on ly bri efl y. 

This graft ing is bes t cl one \"h en th e ba rk begi ns to sli p free ly (t,sua ll y 
in 1\ lay). The best cion s a re dorma nt one-yearvvouc1 of th e type ordi na ril y 
l:sed in graft in g : la rge cion s a re p re fera bl e, but th ose of o rdin ary size lllay 

be used. Cions an: cut at points indi cated by th e Jin es A-B and C-D sho wn 
a~.; A in F' ig . 19. These cion port ions may be 2 to 6 inches in length 

a11d may include ont o r more buds. The segment thu s ohtained is shaved on 
(h e s ide opposite th e bud until the p ith is ba rely exposed: it is yirtuall y 

:': lit in half ;:\s shown in TOSS !"ectioll as n, Fig. ]9. 

C,.--

A 

PROI 

;~ 

I 
! 

Fig. J9. Jfelhod of pre pai 
t}()inls 'Where the cioJl is clI l, t 
11101' 17(' Iw o or lIl or c ill ches /0. 
lio,-, of ,;,(' pr('pared cioll . 

r\t the point wh ere th e gl 

th ic k ha rk is s li ccd off \\·itll 

t he bark. O n thi s th e prepare 

and its ou tlin e marked ill til e 
p()int. I\C lll o\,e the ci oll c~ llc1 

to th e \\'ood: the piece of ba 
it s cut face against th e su rfa 

a nd held aga in st the su rface ( 
to th e cion and about 2 illch ~ 

s ide ex tending an in ch or t\\'C 

the expan si ve g rovdh force i 
the cion . The entire cion is 
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Fi.rJ. J9 . .ife/hod of preparing ci()IIs. ( II / 1, the lines A-B and C- J) J/wrk IIIC 
points 'Wli ere tlie ci{lJl is Cllt, li/Oltgh the cion is uSllally at least GIL inch [ant] aHd 
111(1:') hr two or 1I1 orc illclies lo ur! (1ud POSSi'SS sc'z'cral buds. fl , slime·s a cross s('c ­
linu n/ tli r prrparcd ciou. 

31 

r\ t th e point where th e g raft is to he inl a id, tll(' outer co rky pa rt of the 
thick ha rk is sliced off \\·ith a j.m ife, lea\' ing a "Aeshy" cortical portio 1 of 
the hark. O n th is th e prepared cion is la id para ll el to th e g ra in of the hranch 
allcl it s outli1l e marked in the bark by tracing a rou ll d the cion with a kni fe 
point. 1\e lll O\'E: the cion and \\'ith the knife ret race its cou rse . cutting dO\\'n 
to the \\'( )od : the pi ece of hark is th en removed and th e cion inserted with 
its cut face agains t th surface of th e exposed \\'ooc!. T he cion is prcssc;l 
a nd helel agai nst the su rface of the \\'()od \\'ith two sma ll \\' ire nai ls. Para ll el 
to thc cion and ahout 2 i n ch ~s Frolll it a cut is made in th c bark on cithe r 
s ide extendin g an inch or t wo heyond each cnd of the cion . T hi s is to keep 
the expansive g rO\dh f() rce frolll pulling th e ha rk a\vay froill the edgc of 
the cion . T he entire cion is coated 'vv itll g raft ing wax. in clud ing th e cut 
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cdges of the ba rk surroundin g t he cion, but not over the parallel reli ef cuts 

to th e s id e o f t he c ion . Nothing fu rlh cr is needed. 

\ Vith ycry litt le pract ice. all agile \\'o rkC' r can set 2S d t lese inlaY-~TJ. L :; 
well scatte red oye r the .-ca fro ]d li m bs ill a n hou r. )Jost ( i f them \\'ill g row 

, Fiy. 20. : 4 c l~se v iew of th e test tree, showillg SO J/l e 
q~ the ~lew 111l! bs lIld!(ccd b'J' placillg modified iJilay-grafts. 
7 he sltt on eIther sIde of these limbs is th e healed-o'ver 
tCJlsion release slit cut 011 either side of each cion as dt'­
scribed ,in th e texl. The best 0/ th ese 'IJla 'v now be SQ7lpd 
for perJ/laJleJit lilll bs , ' 

best locati on. considering bo th th e immed iate success 

ultimate growth of th e new branches ( Fig. 22 ) . 

the fi r st yea r , but som e 

lllay li e do rman t a yea r . 

T he to ta l "take" at" 
t hese C IO Il S . ill a y ig()r­

(Jus tree. \\'ith S01llC or 
the oute r brall ches re ­

III () \' e <1. a \' e r ·(1 g e sa", 

high o r highe r thall that 

o btained from urdi llary 

grafting. 

Th ese cions sho uld 

he placed \\'herc they 

call be uscd lll oSt acl -

va n tagco u s ly ill d e­

vC ](Jp ill g a 11 C\\' tup 

( l=< igs , 20 and 2 1). T hey 

sh ould not be set 0 11 

ve rtical o r nearly ver­

tica l limbs o r porti on s 

of limb s . b eca u se in 

s u c h po s iti o n s th e 

gro wth from th em often 

fo rm s a narrO\\'-ang led 

crotch. They should n ot 

be placed on the exact 

top of diagonal o r ho ri ­

zontal branches . because 

in olde r trees th e cal1u s 

formati on requisite tu 

Ulll on is slov\' at thi s 

point. A few degrees 

to the s ide of thi s top 

lin e seems to be the 

o f the graft ing and tlw 

It is probabl e that in most cases a small amount of cleft graft ing at the 

tip of each scaffold limb wil1 be des irable to avoid leav ing a stub. Thi:'i 

is a pl~ce where th e bark-graft might be used to advantage, Desirable \',:ater 

sp routs sh ould be cleft-grafted o r whip-grafted. Tn short, th e inlay-grafts 

Fig, 21. 1'1'ee top-wo 
PictJl 

should be placed ,<\-'he re no Sl 

desired. The late ral s, howevE 

the g rowths from th e nev,: gl 

less labor than is involved ir 

interruption of cropping, a ra 

more easi ly handled in later 

should be emphasized. howev! 

top-vvork satisfactorily by anv 
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Fig. 21. TYee lop-worhed b'y iHlay bark grajtil1 g, sp1'ing , 1940. 
P ictu r e tak en F e /Jntary 1943. 

should be placed where no suitable limbs remam and \vhere nevv' limbs are 
desired. The lateral s, however , can be re1lloved gradually and replaced by 
the g rowths from th e new grafts. T hus with a total expenditure of much 
less labor than is involved in the usual cleft grafting and with much less 
interrupti on of cropping, a rather large tree can be worked over into a tree 
more easily handled in later years than the one g rafted high . The point 
should he emphasized, however. that a tree that is not vIgorous is hard to 
top-work sati sfactorily by any meth od. 
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It should b;:: stated that li mhs produced in thi s mann e r are still compara­

tively young (9 years ) . a ne! S01l1e doubt 1l1ay be rai sed as t o wh ethe r they 

will tea r o ut under th e combin ed st ress of crop, rain. s leet and wind. Present 

inclicati on s a re th at th e limbs will be satisfacto ry, unless th ey are fo rce el 

to inordinately rapid growth. Water sprouts which d evelop into frui ting 

branch es u sually are \vell uwugh anchored to withstand usual s tresses , a n d 

branches from thi s type of g raft ha ve an anchorage in the parent m o re 

exten sive than that of most V\'ater sp ro ll t ~ . 

Fiy. 22. T wo i ll/ay-bar/~-qraft ciolls set to produ ce 1m" !ill/US of a [J eite r 
'l'aricty. T h l'Y are SIz O l~ ' 1I as coa ted '(c,ith asphalt y raftill q compound. 

A final precaution shou 

any method, sL:nscald is its 

to protect all bark on the 

paint should be applied to 1 

the grafting is cl one. 

THE TONGUE- OR 1;fI I-lJ 

T he tongue- o r whip-graJ 

and the stock are of appro: 

it is superi or to the cleft-l 

becau se of the quicker h e< 

obtained. The m ore nearly 

s t ock and cion approach equ 

m ize the greater is th e pr 

bi lity of success with thi s met 

In the orchard thi s graft is 

especially fo r top \Vorking }C 

apple and pear t rees \\·here 

small sized branches are still 

and close to the center of 

tree. In the ,\linter thi s me 

is used inside. m ostl y in 

mi dc1 ;e \,vest, fo r g rafting c 
onto seed ling r oots in the pr, 

gation of nurse ry trees . In 

case it is generally referred t 

" hench grafting". In th e ton! 

graft. both s tock and cion are 

to match. A uniforml y slo] 

cut. from on e to one and one­

inches long ( the large r the 

the longe r th e cet). is mac11 
each. On hoth s tock and cic 

s lit is made . beginning at a p 
on e-th ird of th e d is tance fr0 1ll 

"toe " (sharp end ) to th e "h 

(Fig. 23 ) . This slit may 

exactly ,,,· ith the gra in. or it 1 

cut a cross th e gra in slightl} 

the p-ene ral di rect ion of the I 
If th e cion is s l11ail er than 

stock. it must he se t on une 

(Fig . 23). \\l11el1 this is J~ 

three surfaces. 



PHOPAGATLON OF FRUIT TREES 3S 

A final precauti on should be m entioned . In ren ewing an old tree by 

any method, scnscald is its wor st enemy. If suffi cient growth is not present 

to p rotect all bark on th e top of main limbs, a whitewash of colel water 
pa int should be appli ed to th e most important scaffold branches soon after 

th e g raft ing is elone. 

THE TONG UE- OR WHIP-GRAFT: 

T he tong ue- or wh ip-graft is particularly suited to cases in which the cion 

and the stock a re of approximately th e same Slze. U nder such condit ions 

it is superi or to th e cleft-graft 

because of the qui cker healing 
obtain ed . The m ore n early the 

tock and cion approach equality 
in size the greater is the proba­

bi li ty of success with thi s method. 
In the orchard thi s g raft is used 
especia lly fo r top \Vo rking young 

apple and pear t rees \\·here the 
small sized branches a re still low 
and close to the center of the 

tree. In th e vvinter this method 
is used in s ic1 e, mostl y in th e 
m idd ie west, fo r grafti ng cions 

onto seedlin g roots in th e propa­
gat ion of nurse ry trees. In this 

case it is gene rall y referred to as 
" bench g raft ing". III th e tongue­

g raft , both stoc k and cion are cut 
to match. A uni fo r11ll y slopin g 
cu t, fr 011l one to one a nd olle-half 
inch es long ( th e la rge r th e cion 

the I01l2:er the cd) , is 11lac1 e in 
each . On both stock ancl cion a 
slit is made , heg inning at a point 

one-th ird of th e cl istance fnJ111 the 
" toe" (sharp end ) to the "h eel" 

(F ig . 23 ) . This sli t may run 
exact ly ,,·ith the grai n, or it may 

cut a cross the grain sli g htly in 
th e P'tn cra l ci i rection of th e heel. 

If th e cion is small er than th t' 

Fi(f 33. 'j' () II.(J II( ' - o r wliip-.(fraf l. Frol/l l ef l 
io I:iljlil: (J uud 2) sl oc !? alld c io ll ready for 
.Ifni / lillY; (3) c ioll i ll place. No ll' three cO lllact 
s ilr/ucrs; (4) p/u c ill .lJ of cio:1 (I II la/'.c;rr sl oe!,'. 

stock. it must be set on one ~: ic1 ~ to SCCl: re cambial ((JI1 <-a ct a t t le tongues 
(Fig. 23). \V he n thi s i:-; p rnpcdy (~cne , call1hi::t1 CCl1 ~a ;. t is ohtai ll ~ cI on 

three surfaces . 



36 MrCH IGAN SPECIAL R U I.LlcT I N 1-1-2 

If, wb en ~ tock and cion arc united, the tue of e ithe r pro jec ts ll1 11chbe­
yond the hee l of th e other , it should he cut off even . This can he done 
with out di sturhin g th e g ra ft. Th e s lO\\' healing resultin g from fai lu re to 
cor rect thi s condi t ion is sho\\"1l in Fig. 2-+ . 

Ty ing th e tong ue-graft i:-, acl\-isah1c fo r hest results . I n the orchard the 

/ iiq. 2·1. l1 nfJe'rfcct healinq in 
tOJl q llc-qraft res llfl i ll q fro m i ll L­

prorc r fi llill q of cion all d sl oe !? 

compl eted graft 1l1ust be wax ed to insu'e a 
satis fact ()ry un ion . vVaxing is just a ' essential 
in thi s as in the cleft-graft, and if ty ing is 
o111itted it se rves th e additional function of 
holding the cion in place. As in the cleft -g 'art, 
great pain s, should be taken to 111ake the wax 
c(lating air-tight , as all cut sur face ' including 
th e tip of th e cion should be covered \vi til wax. 

\ Vh en thi s type o f graft is used in bench 
grafting. th e grafts are alvvays ti ed and seldom 
if ever waxed . As soon as bench-grafts a re 
11l ade th ey are packed i111111 ediate ly in l1loist 
peat-1lloss anel sto red in S01l1e cool place until 
ready to be set out in the nurse ry. T he moist 
pcat -11loss a round th e union prevents cl 'ying 
() ut and increases th e fo rmation of callous t is­
st:e. For ty ing. a nU11lber 20 waxed string or 
a special type of adh esi ve ta pe made fo' this 
p urpose and k110\<\"11 as "nurserymen's tape" 
Illay he used . 

Beginn ers' most common fa ults in attempt­
ing thi s graft arc : ( 1) failure to 111ake the s loping cuts long enough; ( 2 ) 
uneven slopes a ri s ing from dull kni fe or failure to suppor t the twig properly 
from th e back wh en making th e cut ; ( 3 ) improper placing of t he slit , a nel 
(4 ) failure to press th e tongues in deeply enough . A ll of these reduce the 
surfaces of actual close contact , oft en sufficiently to cause failu re or ve ry s low 
healing with consequ en t danger of in fec tion by wood- rotting fungi. 

BUDf)ING: 

Buclcling is a fo rm of g raftin g in w hich a bud ra ther tha n a pi ece of 
stem is inserted upon th e s tock. I t is a method of propagation used mostly 
in th e nurse ry to propagate new trees_ H owever, it may also be used in 
the orchard to top-work young peach trees that have n ot p roved t rue to 
na1l1e or where a fe w t rees or limb n eed to be budded to a variety to p ro­
vide suitable pollen fo r fe rtilizing blossoms of a ste rile variety. I t is some­
times useful fo r a pple tree that are either untrue to name or tha t are be­
ing double-worked so as to produce a tree with a hardy o r vigorous t runk 
and fram ework. In top working ston e fruit s (peach es , plums, apri cots . 
cherri es) . buc1cli11g is prefe rred to graftin g , hecause the wooel of these fru its 

cIoes not split \vell fo r graf 

lmc1 c1 ing , the bark "sli ps" rec 

to a un ion. 

Th e hest ti111 e fo r buddi 

th e bud s of th e current seas 

stock is slipping readily and 

fro m vigorous shoots of th e 

two qua rter s or mid-section 

or the tip, as previously s 

fr 0 1l1 v igorous sh oots and tl 
the leaf stem ,,-hi ch may be 

buc1 sti cks a re then wrapped 

until ready for use. In top 
on the top of th e limbs; one 
T he thicker th e bark the l e ~ 

become g ro\Ul over a re " ery 
A t the point where the 

ba rk. the t ransyerse cut bei: 
the ve rtica l one hy dra\\'ing 
an in ch helmv th e first cut. 
th e v\-ing fea ther of a la rge f 
full y in se rted into th e T-Cl i 

tIl e in serti on of th e buds. If 
w ilJ open the cut . Next a b 
of a shi eld . The knife is stc 
draw ing motion of the blade 
enough to p revent injuring 1 

not necessary to remove th e 
bud is removed from th e bu 
the bud and in serted into t 
th e leaf stem as a handle sc 
of the stock. It is il11portan 
because inverted buds do n01 
mllst next be ti ed in place t 
strips, or oth er suitable mat, 
bud be firmly tied and that 
weeks th e w rapping should i 
bud. If the bud has united 
appearan ce but if it has fai lE 
Tn this case the tock hould 

The fo llowing pring, as ~ 

, he cut off just above the b1 
order to fo rce it in to grow 
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docs not split well fo r grafting and gum formation is excessIve . v,hile 111 

budding, the bark "slips" readily an d bleeding, if it occurs, is not detrimental 

to a l1l1ioll. 

The hest t ime for budding is late summer or earl y fall. At thi s time 

th e buds of the current season's g rowth llave matured and the ba rk on the 
stock is slipping read ily an d is in a good conditi on to bud. Buds are taken 
from vigorous shoots of the current season 's grmvth. T hose fr0 111 the center 
two quarters or mid -section of th e shoot a re better than those from th e base 
or the tip, as p rev iously stated regardin g cions. T he budsti cks are cut 
from vigorous shoots ane! the leaves trimmed off, leaving a short piece of 
tIle leaf stem \\'hich may be used as a handle in the budding ope rat ion . The 
budsticks are th en wrapped in moist burlap to prevent their drying out 
until ready fo r use. In top \\'orking establi shed trees , the buds a re placed 
on the top of the limbs; one-year-old \\'ood being the best on \\,hi ch to bud . 
The thicker the bark th e less likely a re the buds to g row ; also. buds that 
become gro wn over are very di ffic ult to force into g rowth. 

}\ t th e poi nt " ,here the bud is to be in se rted a T -cut is made in the 
bark. the transyerse cut heing made by a rolling Illoti on of the kni fe and 
th e vert ical one hy dra\\'ing the knife upward lightl y fr0 111 a point about 
an inch below th e fir st cut . Many old-time propagators carry quills from 
the vv ing feat her of a large fowl. Th is is cut to a sloping bevel and is care­
fully in serted into the T -cut to open the edges of the bark and fac ilitate 
th e insertion of th e buds. If trees are in the proper conditi on the bud alone 
wi ll open th e cut. Next a bud is removed from the bud stick in the shape 
of a shield. The kni fe is started about one-half inch below the bud with a 
drawing motion of the blade cutting under the bud into the wood only deep 
enough to prevent inju ring the eye or bud and crumpling the sh ield . It is 
110t necessary to remove the small piece of wood adherin g to the bark. Th e 
bud is removed from the budstick by a transverse cut about ;.4 inch above 
the bud and inserted into the T -cut, pushing it ftrmly in place by using 
the leaf stem as a handle so that the bud fits snugly against the cambium 
of the stock. It is important to have the tip of the bud pointing upward 
because inverted buds do not make very good subsequent growth , The bud 
lllust next be tied in place by wrapping with string, raffia, rubber budding 
strips, or other suitable material. In tying the bud it is essential that the 
bud be firmly tied and that the bud itself be 110t covered. In about two 
weeks the wrapping should be removed, care being taken 11 0t to injure the 
bud . If the bud has united with the stock it will bave a health y, plump , 
appearance but if it has failed to unite it will appear brown and shriveled , 
J n this case the tock bould be rebudded. 

The following pring, as 0011 as the buds begin to swell , the stock shoul d 
, be cut off just above the hud wh ich was in erted the previous season in 
order to fo rce it into growth, D uring the season all shoots originating 
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below th e bud hould be removed in order to force growth into the shoot 
developing from the inserted bud . 

SCBSEQ[j ENT C 1RE Of' GRAFTS : 

Care of the grafts even after they are well established important and 

I "i,r/ , 25. S low hcalill q alld drca)' frolll 
jJrr lllalllrc rC /J lO'i 'al or fail llre of sreoll d 
C/() II, 

shou ld not cease until th e union is com­
pletely healed over. Tvvo purposes should 
be kept in 1llind in th is \\'o rk: ( 1) the 
preventi oll of i1lvasion by \\'oocl- rotting 
fu ngi (Figs, 25 and 26 ) , and (2) the 
formation of the fram cvvork of th e new 
top, In additi on, protection again st cl im b­
ing cutworm s, aphids and fi re blight may 
be necessary, particularly in the first year. 
\ l\1 ithin a sho rt time afte r the grafts are 
set they should be examined fo r de fective 
waxing, and rewaxing should be clone 
each fall and sp ring until healing is ac­
compli shed. Complete rewaxing is not 
necessary: ordinarily callus formati on will 
seal the sides of the cleft in the first sum­
mer, and th ey will require no further 

Fig, 26, A n 'illside story with the 
sa,11l e m oral as Fig, 25. This limb was 
.r; raftrd tw ice , The lower u llion is 
SOU lid: dNay started ill th e upper be­
fore the retarded healill ,C! cO llfd seal 
th e lInion , 

attentiOll. At the top of th e 

If the wax is at all hard and 

through gnmth is likely to 

all loose p ieces ~' h () ulc1 be ren 

sary if asphalt emul sion is li S' 

A l)()ut J ul y ], in the fir s1 

ous shoots from th e cions ma 

he desirable, This is done t 
induce low branching and t 

keep th e frallle\\'ork of the ne, 

fruiting top as close to til 
grou nd as possible, Only til 

soft green \ \'(Jo cl at the "ery ti 
shou ld he rell1o\Tcl : th is ma 

he clune \\'i th the thumb an ( 
forefin ger. Heav ie r cuttin: 
hack \\'mllc1 have a sll 11le\\h~ 
stu nt ing effect and should 11 0 

be practiced at this time, 

Buth cions on each stu l 
slwu I c! he a II ()\I'eel to gl"()\\' fo 
a se~~s() n, at least. I ~ \ 'e lltualh 

lIll e' is to h~ remO\'<:,cl, becaus( 
if both grew to fu ll sile a \\'eal 
crotch\\'oulcl be fo rm ed, as tile 
ne \\' " '(Joel 011 the inside of ead 
ciol1 pushed again st the otlle1 
cion, and splitting out woule 
IY> likely, just as in all acute, 
anglec! crotch (Fig, 27 ) , F01 

a t im e, h owever, both arE 
needed to keep the stump alivt 
throughout. On a t\\'o- ill ch 
the corresponding half of th e 
th e lateral movement of food 
unable to supply th e opposite 
of the stump may die. To m3 

sealed in by growth from th 
th is can take place decay is a 
however, live cion s on both si 
every port ion, If one cion fa 
for a time and treated as the' 

Growth proceeding from 0 
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attention. At the top of the cleft, however, several renewals may he needed . 

If the wax is at a ll hard ancl lacking in pliability, the expan sion of: the cions 

through growth is likely to cause it to buckl e an d loosen. In such cases 

(111 loose pieces jwuld be removed ancl fresh wax applied. This is not n eces­

sary if: a sphalt emulsion is usec1. 

About July 1, in thchrst seaSOll of arowth , p inching hack of the Ylgor­

ous shoots from the cions may 
be clesirable. Th is is clone t () 

induce low branch ing and to 

keep the fra111c \\'o r k of th e ne\\' 

fruit ing top as close to th e 
g rou nd as possibl e. O nly the 
soft g reen \\'(l()cl at the yery t ip 

slluu lc1 be removed : thi s may 
be cl() ne \\'i th the thu111 b and 
forefi nger. Heav ie r c uttin g 
had.: \\'mllcl ha\'e a s0111c \\·hat 
stu nting effect and shuuld not 
be practiced at th is timc . 

Both cions on each stub 
sllOu lc1 be a ll o \\'ecl to g ro\\' fOl­
a season , at least. E\'(~ntualh ' 

()nC' is to be re 111()\'ecl, because 
if hoth g rew to fu ll s ize a weak 
crotch ,v(mld be fo rmed, as th e 
ne \v \\"Clod on the in side of each 
cion pushed again st the other 
cion, and spli tting out would 
be likely, just as in a ll acute-
anglecl crotch ( Fig . 27 ) . F'o r P ig. 27. An old graft with ciolls crowding; a 

SOllrcc of 'Wca /nlcss. Q Il C cion should ha7!e been 
a t im e, h oweve r , both are remo7.led IO ll g G.C;O-
neec1ecl to keep the stump a li ve 
through out. O n a two-in ch ·tump a cion w ill inc1uce callus fo rmati on on 
the corresponcling half of th e circumference, but because of the slowness in 
th e lateral movement of fooc1materials coming from the g rowing cion, it is 
unable to supply th e opposite sic1 e sufficiently to maintain li fe and thi s part 
of th e stump may c1ie_ To make a good union all of thi s dead area must be 
sealed in by g rowth from the edges- always a low process-and before 
tl1i s can take p lace decay is almost certain to begin (Figs . 25 and 26 ). If, 
however, live cions on both sides are feeding the stump, it remains alive in 
every portion. If one cion fai ls, any nearby water sprout should be avecl 
for a time and t reated as th e "subordinate-cion" (See next paragraph ). 

Growth proceeding from one of the two cions on eac11 stump should be 
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kept cli ~ti ll ct l y small er than that fro m the other, su as tu prepare [o r t he 
ultimate relll oval of th e sllla lle r cion, Jf both make cCJua l gro wth th e re­
lllol'a l of one \\·ill leave a rela ti ve ly la rge wouud \\'hi ch may be s low in heal­
ing ( Fig, 2t) ) , r\ cion kept sllla il fo r sel'cral years \\'ill suffice to p revent 
th e dcath of any part of the stUlllp and \\'hen it is rcmoved will lea\"C a slll all 
\\'OUI1 CI. I n the Ill eantime the other cion will have atta in ed con ~ icl e rabl :: 

s ize and \\' ill he a ble to supply enough food materia ls to heal the small 
\\ 'OU lle! in a short time, 

T he subordination of one cion j effected by p runin g it more heavily 
than its cOlllpanion , T hi s di fferentiation may begin at the time of pinching 
ill the summer foll owing the CUing of the g rafts and shoul d receive atten­
tion each succeed ing spring while the cion is retained, 

Fig . 28, The tC1IljJorary "s ltbordill atc-eiolL" sholf ld be 1,(' jJ t s lI/ aller tho II th e 
perl/ wll ell t eioll , by freq/lcll l hea'vy priming, so that w hcll it is rCI/1071 ed th e 
'lc:olflld 'w ill bc s'lI/all alld w ill be healed qnicldy (left alld cC lLter) , FiYlIrc on 
right shO'l(Is a casc ill w hich th e " slf lJO rdinate-cioll" ( th e 0 11 1' poilltill !/ tmcard th e 
ca ll/ cra ) is b{'ill [J d(, '1 1eloped illt o a s lI/ all lati'ral bra ll ch alld 7~Iill not be rC lll m1cd. 

PRO 

T he relllo"al of the sub 
of th e t \\ 'O cions meet acros~ 

the \'igo r of cion grcl\\t h al 
grcl\\"th Oll the small er stUll 
yea r : ill oth ers the peri od l11e 
it should be close enough to 

\\ "ater spro uts shoul d n01 
b discussed un cler "Top \ \'01 

F 

GENEN_-1L CONSIDJJ.HIJ7 

U ne of th e severa l hazell"' 
tile trunk and roots of the tl 
rabbi ts and mice hecome hUI 
th e ha rk of tree trun ks, cspec 
(' ven cherries. peaches . and pi 
oftcn cat dO\\'n into th e caml 
o[ th e t ree. A very cold winte 
\\·hi le occas iona ll y cven hardy 
t rUll k. Some vari et ies arc Sl 

hac teria lfire blight. each of \ 
that some repair work mll st I 

Tn repa iring tree girdl ed 
must be remembered: ( J) T 
til e tops of the trees until till 
in "oIH's protection again t d· 
heell removed, (2) T he bar 
resto red or the roo ts will eli, 
he di scussed prescntly. 

T he steps to be tal en il1ln 
hy ea rly ::\ Ia rch ) a re : ( I ) p 
by th e applicati oll o[ a coat oJ 
moist S ll d aces . high-g rade sl 
to lat er. ( 2 ) cutt in g cions and 
the effo rt. (3) in ti ring again 
measures as briefly discll ssed 

III choos in g cions for rcpc 
eli sease - resistant Yari tics be 
. \ rkansas, Du chess , Falll ell se . 
C rab and \ Vo/f Hiver, Th ose 

ccpt ibili ty to disease inc lu cle 
lic ioll s. C ravenste in. Gri mes C 
Greening . l~olll e Beauty . Spi 
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T he removal of th e subordinate cion shoul d not occllr un til th e bases 
of th e t\\'() cions mee t ac ross th e end of the s tub . Thi s til lle will vary with 
the \'igu r of cion grO\dh and \vith the size of the sLulllp. \tVith vigoro us 
g rO\\'th on th e small e r stumps. removal can occur in Jllany cases in one 
year: in oth c rs th e peri od may he th rcc or four years. \\,l1 en the cut is mack 
it should be close enoug h to leave no project in g stub. 

\ Vater sprouts should not be removed ind isc rimina te ly. Their utili zation 
is di scussed und er "Top \Vork ing" . 

REPAIR GRAFTING 

GliN CH. IL CONSf DliH / ITJ O.V,': 

O ne of the seve ra l hazard s of fruiL grO\\'In g I S th e danger o[ inj ury to 
the trunk and roots of the trec through vari ous causes. Du r ing the winter 
ra bbi ts a nd mi ce hecome hungry and often sati sfy th eir appet ites by eat ing 
th e bark of tree trunks, especia lly those of th e app le anc\ pear and omet ill1es 
even cherries . peaches . and plulll s. In th eir anx iety to have a good meal th ey 
o ft en cat down into th e cambiulll and so cause partial or complete girdlin g 
o f the tree. A ve ry cold winter Illay also inju re the trunks of tender variet ies, 
"v hil e occasionall y even ha rdy va:'ieti es Illay he spli t open lengthwise of th e 
trunk . Some va rieties arc susceptible to "co ll ar rot," many are subject to 
bacteria l fire blig ht. each of \\'hich lllay so injure th e root system or trun k 
that sume repa ir wo rk lllt1st be done to save th e tree. 

Tn repairing trees g irdled by rod ents wh olly or in great pa rt, two things 
must be remembered: ( 1 ) T he trunk must be relied on to carry wate r to 
the tops of th e tree .. un til the bridge graft have attain ed some size. Thi s 
in vo lves protection again st dry ing out of the \vood from \\'hich bark has 
hee ll remuved . ( 2 ) T he bark connect ion between top and roots must be 
res to red or th e roots will die. Thi s in volves bridge g raftin g, whi ch w ill 
he discussed presently . 

Th e steps to be taken imll1ed iately upon di sco vering the injury (at least 
by early :March ) are: ( I ) protect ion again st d ry in g out of exposed areas 
h.v th e appli cat ion of a coat of asphalt \\"atcr emul sion. whi ch will adhere to 
moist surfaces. hi gh-gr ade shell ac. o r the res in -alcoh ol repell ent refer red 
to later. ( 2 ) cu tting cions a nd sto rin g- for usc in repairing case that just ify 
the effo rt. (3) in urin g against futu re rodent inju ry by utili zing protect ive 
measures as briefly di scussed lat<.:r in j"hi ' bulletin. 

In choosin g cions for repair work . it i .. sugges ted that on ly I ardy a nd 
d isease - resistan t va ri eti es be coll ected. S ui table apple varieties include 
. \ rka nsas, Duchess . Famell se . II ihernal. 1\ 1c Intosh. 1\. \ \ ' . Green in g- . Vi rginia 
C rab a nd \ Volf Hi veI'. 'Those to be avoided becau 'e of tenderne " or sus-

ceptibility to di sease in clude Bald\\·in. Ben- Davi ,·. D e licious. Golclen De­
lic ious. G ra \·enstein. C rimes Colden , J onathan. Kill ()' David. N. Spy. E . 1. 
Greenin g . R ome Beauty . Spitzenburg. S tark. S tay man \ tVinesap . To lma n 
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Sweet , \ \fagener, \ Vin esap, York Imperial, and \ Vinter Ballana, \ \lith re­
spect to pear var iet ies. the relati ve res istance to fi re blight is th e importan t 
considerati on, Th e fo l1 ov,ing va ri eties are suggested in th e o rder of th ei r 
resistance: O ld I-lome. K eiffe r, Seckel and \Vinter Neli s, Standard vari et ies 
to be a voided include Bartlett, Bosc . Clapp's Favorite. Flemi sh Beauty and 
]-Jo \\'e ll. It \\'Oldc! he short- 'ighted to rc:scue a tree by repair g raftin g only 
to have its grafts kill ed by low temperature or blight, 

PNOTECT10"V O F TREHS FR ON! RODTiNT lNJ[) R) ': 

J{epair g rafting j ' a ted ious, time-con ul11ing job . an d is made even mor'C' 
aunoying \'\'hen it is realized that adequate precautions in the fa ll cou ld have 
sa ved m uch of thi s work. These precaution s are inexpen 'ive in time and 
moncy as compared with the ti me involved in 'etting necessary grafts for 
th e g i rdled trees. The princ ipal precautionary measures for rodent protec­
tion consist in \\Tapping o r painting the trunks vvith suitabl e materi a l whi ch 
'wil l prevent these l'Oclents- ch id ly fidd mice and rabbits- from eat ing th e 
bark off the tree t runks. As a protectiun against both mice and rabbi b . 
quarter- ur half- inch mesh hard \\·a re cloth Illay be ti ed around the tree. 'Thi ~ 

wire cloth shou ld extend from 2 inche below ground level to ] 2 to 18 inch es 
a.bove ground and should be loose enough to a ll ow for future expan sion of the 
trunk. If harclvva re cloth is not obtainable, window .'creen in g. thin wooc1-
veneer tree \\Tappers. lath. or even corn stalks ti ed around the trunks will , in 
the order na med. afford a ce rtain measure of protection, though it is doubtful 
if anything but wire will keep out field mice. When wire is not used, th e 
rodents in ques ti o1l 1l1ust he contro ll ed by different method . . 

To control mice, espec ia lly where 'od exists near tree trunks, it is reCO)1)­
mend ed that poi son bait be p laced in mouse runways each fall to rid t he 
a rea of as ll1any fi eld mice as possible. S uch agencies as G rand Rapids 
Growers' Associat ion, G rand Eapids, Mich., have been authorized to sell 
poi 'on bait prepared by the U nited States Department of Agriculture. 

To protect tb e tree from injuries caused by th e cottontail rabbit, the 
application of a repellent varni sh to the tree trunk has proved very satis­
factory. This varni sh is made by di ssolving approximately a pound of 
pcnvderec1 res in in a pint of high grade radiator- type ethyl a lcohol and shak­
ing frequent ly until most of the resin has been taken up by the alcohol. This 
material should be stored in a warm place in a tightly stoppered glass con­
tain er. For fie ld use, pour into convenient container ' and apply to the sur­
face of dry bark. T hi s preparation may he p urchased from deal ers of bee 

supplies and grafting eq uipment. 

CARE OF WO UNDS: 

As soon as a wound has been di scovered on a tree, immediate steps 
should be taken to reduce the injurious effect s to a minimum and promote 

PROP 

rapid healing of the wound, 
considered together because I 

healing. Protection of a W OUI 

on the one hand and prevent 
fo re. \\ 'OL: nd protect ion may 
face \\'ith a coating of some 

vVouncl hea ling Illay be acco 
s ide of the \\ 'Ollllcl. or by reg 
Fig. 29). 1--1 ealing fr OIll th e 
su rface healing . or regcneral 
made clu rin g th e Sll lllmer, is I 

invo l ves th e prese rvati on and 
\\ 'ounc1s mad e in th e wi l 

relll ove rough bark and then 
suitabl e g rafti ng wax. Dryin1 
Sclj) \\ '()O cJ O il live trees occlIrs 

Fig. 29. T w o !~ inds of 'Wo, 
destroyed and bar!? regencralio 
call1 biwn was destroyed aJ/d h 
callus growth from the edges. 
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rapid healing of the wound . P ro tect ion a nd healing of a w ound mu st be 

cons idered togeth er because often the promotion of protecti on may inhibit 

healing. P rotect ion of a w ounded ur face involves prevention of dryin g Ollt 

on th e one hand a nd preventi on of fun gous ill fec ti on on th e o the r . The re­

fo re . \\ 'o l:ncl protect ion m ay be accom pli shed by coverin g the exposec1 sur ­

face v\·ith a coati ng of some mate ri a l that is non- injurious to pl a nt ti ssue. 

\l\l ounc1 healin g may be accompli shec1 e ithe r by callu s fo rma ti on from th e 

s ide o f th e \v0l11l c1, o r by regenerat ion from th e surface of th e wound (see 

F ig . 29). B ealing from the s ide is more C0 111111 0n in w inter wOlln ds, bu t 

su rface healin g . or regcnera ti on , th oug h less COl11m on except in wounds 

made during th e su mlll e r. is mo re rap ic1 a nd, th erefo re. 111 0 re important , and 

111vol \' es th e prese rvati on a nd care of the camhiulll layer. 

\\ 'ounc1 s made in th e w in te r shoul c1 be trimm ed a roull d th e ec1ges to 

rC Ill()ve 1'O ug h bark a nd th en pa in ted immed ia tely vv'ith asph a lt e1llul s ion or 

s lii ta bl e g raftin g \\·ax. Dry ing severe enough to cause check ing of exposed 

s;:lj)\\'oocl on li ve t rees occurs in N1a rch or A pril. If th e cambium has heen 

P ig . 29. Two h nds of wound healing. On the right the cambium was 'Not 
destro'yed and bar!? 1'egeneration occHrred direc tly all, the wood ; all, the left lh r 
ca'/l lbinm was destroyed and healing is acco111,plished by the slower proces of 
callus growth from the edges. 
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destroyed, prompt care will p revent exce ive drying ancl spl itting of th e 

wooel. Howe ver, jf the injury has been uperficial and the cambiulll has 

not been bad ly damaged , such as when m ice fa il to reach the cambium, 

prompt painting with a suitable mater ia l v; ill prevent the cambium from 

drying and hence will promote regeneration of the destroyed bark fro m th '?" 

cambium. 

\ /Vh en wounds are made during the grov,ing season, espec ially in earl ~T 

spring and summer when rapid growth is taking p lace. a some\\'hat dif ­
fe rent treatment should be given accordi ng to the type o f \\'oune!' T he 
proper treatment of a wound made by a tillage in str ument tearing off a 

Ji ig . 30. B,' idge-g,'aft. N ate th e m ore 
'l.Tigor01ls g1'o'Wth th e l1wre near Iv vertica l the 
(ions are se t. No te also the chec l~ing in the 
wood of th e l1'1mlc " th'is 'Woo d should have 
{}('C II protec ted bcf o1'e th e CiOI1S we1'e set. 

considera ble piece of bark \"hen it 
is slipping free ly is to leaye uch ;). 
wound ab. olutely a lone. T he warm­
er a ncl drier th e a ir at the time, th 
g reater appears to be th e chan ce 
of healing by regenerat ion of bark 
a ll over th e \\'0l111decl a rea, i [ th e 
exposed surface is no t touched. 
T hi s is qui cker a nd l11uch mo re 
a ti s facto ry than healing by callus 

fo rmati on fro1ll th e side. In cases 
wh ere the bark has not been torn 
off the tree , immediately na iling th e 
ba rk back in place will usua ll y in ­
sure prompt healing of th e \\·ot11lc1. 

T ITE RRIDCE-G R .tlFT: 

A bridge-graft (Figs. 1, 30 and 
31), a ' th e na l1le i1llpli es . is used 
to bridge over an area \"here the 
ca mbiul1l is dead. Tn p ractice it is 
uscd l1lost frequentl y in l\l[ ichigan 
to repair damage from g na\\'ing by 
mi ce o r rabbits o r occasiona ll y f rom 
bark peeling by sheep. "More use 
should be made of thi s type of g raft 
in repairing da1llage fro m fire bli ght 
cankers on th e trunk a nc1 from win­
te r ki lling . 

At thi s point. a word of cauti on 
may he introduced . Bridge g raftin g 

is n o small conSl1n e r of ti1lle an d labor . an ci in somc cases careful ~ tucl\' will 
shovv a means of avoiding this work w ith sat is f<lctory results. Sometim es , 

Fig . 3l. A typical case of c 
so injnred a1'e saved by early tr 
A t lcft : cio Jl s p'Yoperiy set. alld 
toge ther to fonn a new t1'1l1t/? 

mice apparenrly r ing a tree, : 
but actua lly fail to touch tlH 
out ha ' occllrred, simply 111 

cloth will be sufficient to per 
O n trees wh ich have been 

afte r planting, the advi sabilit 
ab ly be cheaper ancl in th e el 
injured area and cleft-graft t 
g rovvth und er these circu1l1st: 
not sprout at all; if they do, 
a nd most of th ese sprouts til 
in starting and slow in g rowt 
in va riety is des ired results 
g rafts receive prope r subsequ 
a better shaped tree. 
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Fig . 31. A ty pical case of cotnplete g irdling by field mice. M any valuable tJ'ees 
so inj1.tred are saved by ear ly trea l1nent of the wound and s ltccessf~tl bridge grafting. 
At left : cions pro perly set and wax ed. R ight: old bridge-grafts 'which have grmc!I1, 
together to fo rm a new trunk . 

mice apparently r ing a tree, gnawing the bark completely around the trunk 
but actually fail to touch the cambium. If attention is given befo re drying 
out has occurred, simply mounding with earth or wrapping with waxed 
doth will be suffici ent to permit regeneration of the bark. 

011 trees which have been girdled within one or two or even three years 
afkr planting. the advisability of bridge grafting is doubtful; it will prob­
ably be cheaper and in the end more satisfactory to saw them off below the 
injured area and cleft-graft them. Reliance should not be placed in sp rout 
g rowth under these circumstances. In many cases the trees so treated will 
not sprout at aU; if they do, many of them will sprout only below the graft 
and most of these sprouts that do come from above the grafts will be slow 
in starting and slow in growth. The setting of cions, even though no change 
in variety is desired results in surer, quicker growth. and. provided the 
grafts receive proper subsequent handling, induces a mor e rapid healing and 
a better shaped tree. 
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With a ll these qualifi cations, however, the cases of real need of bridge 

grafting are numerous. The cost of the operation, balanced again st the 

prospective or actual capitalized value of an establi shed tree, is generally 

very small. T he g rafts g row readily, and when the need is indicated th e 

work should be undertaken. 

Bridge g rafting is not readily accompli shed until th e bark on the tree 

slips well. usualJy about th e first week in l\,fay for lower NIichigan. Before 

this time. ra ising of th e bark is ve ry difficult. and if it is accompl ished at 

all , much of th e inner ba rk rEmains attached to th e wood. This interferes 

with th e attainment of cambial contact, ,ancJ scraping down to ,the wood 
surface is ve ry exactin g and labori ous . O n the other hanel , g rafting much 
later may be reasonably successfu l. Damage from mi ce or from wi ;lter injurv 
is sometimes unnot icecl until attention is drawn to th e ilijured tree by a ye l­
lowish tinge of th e fo li age in June. In such cases, as an emergen cy measure, 
bridge g raft ing may be done in earl y summer. Bridge-grafts spanning old 
injuries in mature apple trees at East Lansing and in certai n injured or­
chards, made in the fir st part of Jul y, we re very successful. For thi s summer 
work, howeve r. careful selection of cion-wood is necessary . T here is . o rdi ­
narily, no special advantage in SUlllmer g rafting of thi s type, and it is recom­
mended only as an emergency measure. 

Cion-wood for th e bridge-g raft is of the same cha racter as that used 
in other grafts, so far as age and vigor are concern ed, 'but special effort 
should be made to obtain la rge cions. F or summer work, the wood of th e 
previou~ year should be used; at thi s season, th e basal portion of the wood 
of the current season may be empluyed if satisfactory older wood is not 
avai lable. particularly if it is ringed a week or two hefore it is cut. Si nce 
fruit ing wood ordinarily will not be developed from bridge-grafts, the variety 
from which th ey are taken is of no consequence, except that hardy . blight­
resisting varieties as p rev iously li sted on pages 39 and 40 should receIve 
preference. 

Good condition of th e wood su rface of th e tree a t th e points of contact 
with the cion s is very important in bridge g rafti ng. Micros~opic examina­
tion of sections through several bridge-graft uni ons made in the laboratorv 
of the Horticultural Department indicates that a large part of the callu~q 
ti ssue through wh ich con nection is establi shed comes from thi s wood rather 
than from th e cion s. T hi s fact has special appl ication in bridging areas 
which have been dead for some time, since in such cases the tissue fo r some 
distance from th e area originally kill ed may he 'a live but in such poor con· 
dition that g rafts set in it 'wilJ not "take" well. Whenever practicable , th e 
tree should be p repared for the setting of th e cions a day or two before th e 
actual grafting is done. A lJ dead bark should be ' removed and, if th e wound 
is old , any unh ealthy li ve bark should be removed. U nless the injured a rea 
extends for sllch di stancE' on the trunk tlIat th e obtaining of cion wuod of suf,.. 
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fic ient length is diffi cult, there is no special need of pains to keep the bridge 
area short, because proper unions can be made more easily with long cions 

than with th ose which are very short. 
If exposed surface is covered with asphalt grafting compound , the mate­

rial should have been applied a day or so in advance of setting cions in order 
to give the asphalt sufficient time to dry and thus facilitate the work. 

The purpose of thi s protection is twofo1d- ( 1) to 
guard against invasion by wood-rotting fun gi and 
(2 ) to keep the sapwood from drying out. 

T he various meth ods of setting cions depend 11l 

COlllmon on obtaining contact betwee n the surface 
of the ,,,,ood on the tree and a bevel or sloping cut 
on the ci on. Tn some forms of the bridge-graft , all 
additi onal contact may he obtained wi th the bark 
of the tree . but thi s is by no mean s essenti a1. 

Dependence on contact through a bevel cut on 
th e cion virtually necessitates a spring or bow in 
the cion as it is finall y set ( Fig. 32 ) . An additi onal 
advantage of the spring is to provide a small amount 
of slack which will permit some swaying of the tree 
without di sturbance of the uni on. If the cion is 
somewhat curved, the bevels should he cut on the 
concave side. The spring is secured with a straight 
cion by cutting it slightly longer than the di stance 
it will cover when set , fitting one end in position, 
securing it by one or two N o. 18 wire nail s with 
slender shafts and wide heads, and then springing 
it into place and nailing it at the free end. If the 
cion is as large and hard as it should be and the 
"spring" suffici ent, the nail s may be set in very 
slightly to draw the bevel cut close to the wood 
and therefore in contact with the cambium. 

O ne cion for each two inch~es in the circumfer­
ence of the tree will be suffici en,t :( Fig . 31 ). 

If the cions available are not. long enough to 
span the dead area, they may in some cases be set 
diagonally with fa irly sati sfactory result s, but ver­
tical placing is preferabl e ( Fig. 30) . 

Cions shoul d he set "right end t:p ," i.e ., as they 

Fi.r; . 32. B'ridge-g raft, 
showing som e of the 
ma'l/ y m eth ods of setting 
cions. No te the spr iJ/ g on 
the r io liS. T his is par­
ticula r ly -i mp or ta llt in 
}'0 1l11 9 t rees, w hich sww)' 
m ost. 

grew on the tree . hut. if through inadvertance any are set upside down, it 
is not necessary to replace them. Inverted cions have been observed grow­
ing in considerabl e numbers. 

The simplest and , wher~ it is , feasible, the most easily made union in­
volves an L -shaped cut in ' th e bark (Fig. 33 ). Below the wounel the L 
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is inverted. Each ar1ll of th e L is about one and olle-half inche~ in length and 
each is cut an inch or t\VO from the edge of the "\\"ound. The cion.i beveled 
at either end p rincipally on the side des tined to be set against the tree; th e 
oth er side is beveled sufflciently to g iye a rather sharp angle to the ·wedge. 
The bark 111 the angle of th e L ct t is raised sufficiently to admit the cion, 

Fig. 33. T wo of the numerOllS 1I1ethods of fitting cions 
to stoc/lin Ihe bridge-graft. Above: the L wt, with trimmed 
cion. The long bevel of the cion goes against the wood; the 
con tact is between the cambium sU'rface of the wood and the 
cambium line of the cion. Below: the inlay, a 'method suited 
to trees with very thic/? bar!l. The notches below the slots 
shown on the left mayor ma}' not be necessary. On the 
right: oll e way to 1nake grafts fa·il is through a cion some­
w hat f(lo short and consequent lach of sufficient spring to 
ellsllre contact. 

"\vbich is then inserted 
a nd na ils d r iven 
through t -Ie hark and 
the cion. N a iling the 
hark is necessary be­
cau e it is very diffi­
cult to bend th e hark 
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the cion without m ­

jury to th e bark be­
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there is a tendency 
for th e bark to shri nk 
whereve r it is cut ver­
ti ca lly and its great 
tension relieved. This 
union is best suited to 
trees with thin or only 
rlloderately thick bark. 

For trees with 
very thi ck bark or for 
cases where cions are 
set into the roots, the 
in lay-graft is prefer­
ahle. This llnion has 
a further ad vantage in 
that the ends of the 
cions a re not cut down 
so th in , and_ they are 
less liable to damage 

from nailing . The bevel cutis ve ry long, perhaps three or fo ur inches, but 
it does not extend to the opposite side (Fig. 33 ) . With the cion prepared, th e 
operator holds one end against th e bark at th e spot it is to occupy and traces 
around it with the knife, marking on the bark, and the piece just outlined 
'is removed. In thi ck-barked trees . much time may be saved. at no cost to 
the tree, by shaving the co rky bark where th e graft is to be set, leaving 
the cortex or green bark. against whi ch the mark may be made and in which 
the slot is cut. The cion is th en set in and na'il ed at thi s end and th e process 
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repeated at th e other end. This union requires somewhat more skill than 
that previously described and generally takes more time. 

:Mod ifications uf these unions are sometinles employed. In very thick 
barked trees, the cion are ometimes cut to very thin wedges and forced 
under the bark at the edge of the wound. This metho is hard on the cions 
as the wedge is frequently bruised and short cions are sometimes broken 
in pringing them ufficiently to slip under the bark. F urthermore, the 
thinness of the \'\Iedge makes them more likely to be injured from nailing. 
Some operator lit the barlo( vertically at the edge of the wound and set th e 
cion directly under the cut so that it raises both flaps of the bark. In thi s 
union, hmvever, atisfactory nailing is rather difficult, the flaps of bark make 
littl e contact \\"ith the cion, and proper \vaxing at the upper end is generally 
more difficult. E ven though the cut is necessary to permit the raising of 
the bark, the cion should be set under one flap or the other. 

1\1r. H . D . Hootman, of the Extension Service, has been very successful 
with a implification of the slot method which effects a material saving of 
time and should, in most instances, make adequat~ cambium contact more 
certain than that often a ttained with the slot method just described. "\i\fbere 
grafting is done soon after the injury occurs (first eason) it is preferable. 
In older cases it is often necessary to go far ther from the exposed area; 
in these cases, according to circumstances, use of the regular slot graft may 
be neces ary, or the best course may be to clear a\vay all doubtful bark and 
u c the simplified method. 

This modified meth od may be described as the open slot. The slot opens 
directly on the edge of the exposed area as in the second from the left on 
the upper edge in F ig . 32, but the bark is not removed; it is merely lifted, 
being cut only on the edges of the ·lot and "hinged" at the uncut end . The 
cion is trimmed as shown in the upper row of F ig. 33 and pushed under 
the bark. and nailing is cl one through the bark. 

Whatever the type of union employed, all cut surfaces should be covered 
with asphalt grafting compound or grafting wax. Considerable care will 
he necessary to obtain tight sealing in the angle between the tree and the 
upper end of the cion , because the wax must be applied and set against 
the dmvnward pull of gravity . The edges of the ringed area also should 
be covered. 

A soon as grafting and wound covering are completed, soil should be 
replaced. Raising a slight mound may be helpful because mice have some­
times returned to attack newly set bridge-grafts. This filling should be 
done with ome care, lest clods of earth displace the newly set cions. Occa­
sionally, the extra moisture thus insured induces rooting in a cion (par­
ticularly in Spy) which has fail ed to unite at the base, and thus prevent 
its becom ing an entire loss . 

Young bridge- or approach-grafts are subject to injury from rodents and 
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Fig. 34. Th e 1'eSIl./t of costly ca relessll ess. A pproach-qrafts established 
15 'years g irdled by Todents bllt '/l ot 1l0ticed before they had died. A I/IIl1 al 
7, igilall ((' is th e olll)l 1I1 eth od of pre7 lell tioll. 

should be g l ven th e same adequate protection afforded young trees to a void 
th e type of repeated It1 Jury as IS shown in Fig. 34. 

THE lPPNO ACH -CRAPT: 

The progress o f fire blight canker ' on tree trunks, extensive collar rot, 
or trunk injury of long standing effect ing a partial rIngmg. may lead to th e 

death of some of th e roots. 
dea th of limbs orig inating ir 
directly above the injury Inl1 

Fig. 35. This on'hard ( 
bc.r;an to lose abo llt 20 Ircc~ 
sh o'wed that cultivatioll alld . 
so that as each tree had it: 
poscdit become girdled. El 
trees about each Mcfnl osh 
V cry few trees fla 'lIe bee II 10 
tree. 
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death of some of the roots. This in turn is likely to be followed by th e 
death of limbs o r ig inat ing in direct line on th e grain of th e wood, generally 
d irectly above th e injury but somet imes , in t rees with twi sted g ra in , several 

Fig . 35. This orchard of hardy Mc lnfosh growing ncar Gra nd Rapids 
began to lose auollt 20 h'ccs a 'year affer it 'was 10 years old. Exarnination 
sh o'wed that cultivation. and very slight soil erosion hod lowered the soil level 
so that as each tree had its bud u.nion al/d 'weal?Cr seedling root stem ex­
posed it becar/'te girdled. Eighteen '}>'ea1'S ago the me/ner pIa l/ fed fow' hardy 
trees auou.t ('ach M e l ntosh and approach-grafted the tops into the trunk. 
V cry few trees have been lost since that $1.50in'l'esI11'lent 'was added to each 
tree. 
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poillts cf the compass to one side. In any case, death and subsequent rotting 
of any considerable porti on of th e roots \ \'eaken th e anchorage of the tree 
in th e soil and may lead to its leaning or falling over. 

U nder these cond itions, trees rarely fo rm ne vv roots to replace th ose 

Fi.r; . 36. Bacterial fire bli!Jht hilled a large port'ion of 
th e b (/ r /~ all oll e side of th7"s Bartlett pear tree. Because 
'i l occ1Irred early in the SU1111'11 er 1110 11-3' 1011 g sprouts were 
forced ont below th e 111jury. H ad the owner not been 
olerl Ihese 1Ilight hO~le been pn med aw ay, w hereas, he 
had 011/3' to il1S1'rt th e 1Ipper ends illfo th e bark and the 
illjury w as bridged. 

lost because the mam 
body of the stump itse lf 
i s g e n e ra 11 y i 11 v o l v e (l. 
I-Iowever . youno' trees sel 
in th e soil close to th e 
old tree and conn ected 
\\·ith it by g raft ing th e 
top into th e trunk like th e 
uppe r end of a bridge ­
g raft, fo rm ne\\' roots 
\-vith g reat rapidity (Fig. 
35) . As a preliminary 
m ea sure. o bv io u s ly, in 
case th e in jury has been 
caused by fi re bligh t all 
di seased area shoul d be 
scraped an d di sinfectec1. 
The actual g raft uni on 
may be made by any of 
the m e th o d s u se d in 
bridge graft ing. Seedlin g 
trees may be used for 
thi s purpose. O ne-year ­
old seed lings as obtained 
from \vh olesale nurseries 
ar e r a th e r s m a ll. but 
tw o-yea r -o ld s ee dling s 
ar e gene rally l a rg e 
enough . If budded or 
grafted trees a re used , 
prefere nc e s h o uld b e 
g iven to hardi er . blight­
res ist ing vari eti es . 

Injury to th e trunk 
or collar lllay have been 

fo ll owed by the grO\\"t h of suckers, or water sprouts. from below th e injured 
area ( 'ee Fig. 36). If these are of suffi cient length, the tops may be g rafted 
into the sound ",>'ood a bove th e injury, remaining a ttached below un less the 
variety is ve ry suscept ible to n re blight, in which case a more res istant variety 
should be usecl. 
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PROPAGATION IN THE NURSERY 

Fruit trees are bes t produced by the commercial nurseryman wh o has 

th e training and faciliti es to raise flrst- class nursery stock. There are occa­

sicms, however , vvhen a person lllay vvi sh to rai se a few trees for hi s personal 

usc . In such cases a knowledge of hmv trees a re produced may be extremely 
useful. 

S tocks fe)]- fruit trees a re ' usually rai sed from seeds, the resul ting seed ­

lings being budded to th e des ired va ri ety. In the case of apples and pears. 
seed from most of th e commercial va ri eti es is sa'ti sfactory, FJowever, see 1 

from the following ~ll ) Pj c vari eti es should be avoided on account of the poo r 

g ro'vdh that the resulting seedlin gs make : Baldwin , Gravenstein , J-libc: rnal, 
Tompk:ins King, H,bodc Island Greening . Sta rk, Stayman, \A/inesap an:] 

Virg inia Crab. P each stocks may be rai sed from most c011lmercial va ri eti es . 

though E lberta, South FI aven and l{ochester do not germinate so \\-ell as 

some of the otb er va ri eties such as J. FI. H ale, Gold Drop, and some of th e 
lesser known varieti es as K alamazoo, Barnard, Prolific and F itzgerald . 

Stocks for plulll and cherry trees are bes t purchased from a wholesJ.le 

nursery. Apple and pear seeds may be planted early in the fall in rows 

and ridged up about 2 inches . T he following spring this ridge is smoothed 

dO\\"l1 . T he resulting s~cdl ings are g rown for a season, dug, graded acco rd­

ing to size, and stored in a cool, moist place until the following spring . The 

la rge r ones a re then set out about 6 inches apart in the row and later buclcled 

to the desired variety. T he stock is prepared by rubbing or cutting off th e 

lower leaves and branch es so as to leave a smooth place on th e bark on 

which to work. Th e bud is then inserted into the stock about one inch froin 
the g round and tied with suitable materia l. The techni c of budding In ~; 

already been described. P each seeds lllay be planted in the fa ll , and the 
resulting seedlings buclcled th e follmving sumlller. Plulll and cherry seed­
I ill gs a re buclcled the sallle season that they are set out. Stocks a re buclcled 
cluring the SUllll1ler when the bark slips readi ly. Apples and pears are 
usually budded fi rst, starting in July and fo llowed by plum and cherries, 

whil e peaches a re budded last, generally in late A ugust . 

T he sp rin g fo llovving buclcling, just as the buds are breaking . the stocks 
should be cut back to just above the inserted buds. Thi s forces the buds 
\\'hich we re inserted the previous season to push out and develop a vi go rous 
shoot. which at the end of the season will have produced a one-year-old 

nursery tree ready to set out in its permanent location. 
T he proc1uction of a fruit t ree extends over several years. vVhen the stock 

is raised from seed, it will take in most cases three years to produce a one­
year-olel tree ready to set out in th e orchard. P each trees Jllay be produced 
in b\'o years, owing to the qui cker rate of g rowth of seedling stock. 
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GRAFTING NUT TREES 

There is so much inquiry about planting or grafting wild nut trees to 
better named strains, that a brief commeI1t on thi s subj ect may help those 
interested . 

A t bes t one should recognize the fact that it is often difficult in cold. 
changeable climates to establish a young transplanted nut tree and have it 
survive to full bearing age. Complete failure is more often the rule than 
the exception. The trees should be planted in the fall or as soon as frost 
is out of the ground in the early spring . The trunks should be wrapped 
vvith heavy paper or strips of burlap to prevent drying out and also to pre­
vent sunscald injury . \ l\There trees are already establi shed, it should be 
easier to g raft cions of named strains than to transplant young trees , espe­
cially if the soil is not extremely fe rtile and well drained. 

Bleeding of cut limbs of most species of nut trees has always been con­
sidered the cause of fa ilure to get cions to unite \vith the stock. A one­
season test by the senior author, described in the 1938 R eport of N orthern 
N ut Growers' Association , between trees cut 10 days before g rafting and 
those cut at the time cions were set, showed no difference in favor of pre ­
bleeding . H owever, it is much easier to apply a coating of grafting wax 
or asphalt water emulsion when the cut stub is through bleeding, and thi s 
may be an important factor some seasons as shown by L. H . lVkDaniels in 
work done at Cornell U niversity and recorded in the September 1937, 
R eport of N orthern N ut Growers' Association. 

The cleft-g raft for large limbs and the whip-graft fo r very small limbs, 
as described in other sections of thi s bulletin, have proven best under .Mich ­
igan conditions. The inlay-graft should be equally successful. 

The bes t time for setting cions is when the new leaves are beginning 
to push out of the buds on the stock, sometime in early May. 

Cions a re best chosen from the base of large shoots of the previous 
season' s g rowth so that it includes an inch of the two-year-old growth . 
Such cions seem to have more stored food material than does the pithy por­
tion of the one-year-old g rowth. T he best size of stock in which to set cions 
seems to be 10 -20 inches in diameter. 

It is thought advisabl e to coat the entire cion with the same material 
used to seal the union and end of the cion. :Most propagators of nut trees 
ti e a light-colored paper or cloth bag over the cion and stub and when very 
warm weather comes, the corners of the bag are cut open to allow ventila­
tion whil e affording a few weeks of shade to the newly set cion. 

In almost all other respects, the information given in thi s publication for 
propagating fruit trees will apply to nut trees. 
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